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II Supplemental and Summary Report
Western Carrizo Uplift and Chuska Mountains

II Areas of Northern Navajo Indian Reservation

I INTRODUCTION

I Location and Accessibility

The western part of the Carrizo Uplift Area and the Chuska
I Mountains Area lie in the Northern Navajo Indian Reservation,

Apache County, northeastern Arizona (see Index Map, Fig. lA).
These areas are on the unsurveyed land on the west flank of
the Carrizo Mountains, stretching southward from the Utah-

I Arizona State boundary to the north slope of the Chuska
Mountains. The western Carrizo Uplift Area, as defined in
this report, includes the Eurida (Toh Atin), Sigi Ho Cho,

I Toh Acon, and Kinusta Districts. The Chuska Mountains area
contains the Cove District.

The few white inhabitants of the general region are found
I at the Mexican Water, Red Mesa, Sweetwater, Red Rock, Teec Nos

Pas, and Beclabito trading posts and at the Emmanuel Mission.
The nearest settlement of any size is the town of Farmington,

I New Mexico, which is. about 85 miles to the east. This town
, is the usual staging point for expeditions into the Navajo
.Reservation. Supplies may be purchased at the trading postsI but as the selection is limited, most of the supplies needed

in the field work within the reservation are brought from
Farmington.

I From Farmington the route to the Reservation areas follows
U. S. Highway 550 westward to Shiprock, New Mexico and then
continues westward on a fair dirt road along the eastern and

I northern flanks of the Carrizo Mountains, passing the trading
posts of Beclabito and Teec Nos Pas and on to the Mexican Water
trading post. From this road, branch roads turn north to the
Red Mesa trading post or south to the Sweetwater trading post

I and Emmanuel Mission. These and other side roads and wagon
trails that are passable by truck are shown on the Index Map,
Figure lA, and on the areal geologic maps accompanying this

I report. In addition, there are many interconnecting Indian
wagon trails which can be negotiated by truck. Thus the major
portion of the district is readily accessible in favorable
weather although most of the roads and trails are hazardous

II in the winter and in the summer rainy season.

I Field Methods ..

As no suitable base maps were ava~lable, the early f~eld
II ,~ work, September to December, in 1943, was mainly of a reconnaissance

I
II ..il "
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II nature. The exposed mineralization occurrences were located
and examined and field descriptions of them were written.
Cove District and a part of Kinusta District were mapped by

I plane table. Sigi Ho Cho, Altar, Friday, Sunnyside, and
Eurida Mesas were prospected and their mineralization occur-
rences sketched by Party No.2. The remaining portion ofI the Kinusta District, a part of the Toh Acon District, and
the Saytah Canyon and Wash (now North Carrizo) , and the Martin
Mesa localities were mapped by Brunton compass and pace methods
by Party No.3. Samples of the mineralization occurrences

II were taken by all parties.

In December, 1943 and January, 1944, Union Mines Development
I Corp. leases were laid out, and in this connection a primary

triangulation network was established by Party No.4 and the
selected leased plots tied to it by Party No.3, Thomas W.
Holmes of the U. S. Vanadium Corp. assisting. The final

I location of these plots is shown on the maps accompanying
this report.

i

i I From February to May, 1944, Party No.3 completed the
mapping of the Toh Acon, Eurida (Toh Atin) , and the northern
portion of the Sigi Ho Cho Districts. A secondary triangulation
system was made by telescopic alidade and plane table but

I the actual mapping was done by Brunton compass and pace methods.'c Columnar sections and profiles were measured by tape and Brunton

compass level.

I Party No.3 returned to the area in July, 1945 in order
to complete the data needed for the calculation of the ore

I reserves. Many of the mine.ralization occurrences in the Sigi
Ho Cho, Toh Acon, Kinusta and Cove Districts were re-examined
and the previously made sketches and descriptions checked,
corrected, or amended. Several new discoveries as well as

I some not examined in the original field work were examined,
mapped, and described. Kinusta Mesa, Sigi Ho Cho Mesa, and
the Rattlesnake Lease group were surveyed by telescopic alidade

I and plane table in order to delimit the possible inferred ore
blocks.

The personnel of the various field parties which examined
II the areas covered by this report are given below.

Party No.1

II The late Alfred H. Coleman, Party Chief
Leonid Bryner
Richard B. Walls

I PaulO. Elmquist
Abbott Charles (for a short period)

I '

I
,,' ,.It
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I Party No.2

II Francis X. Corbett, Party Chief
Robert G. Wedemeier
Sam K. Smyth
George P. Zebal

I Party No.3

I Robert T. Chapman, Party Chief (for a short period)
Rodney B. Hoover (for a short period)

Edward H. Eakland, Jr., Party Chief
Henry R. Wardwell

I Sam K. Smyth (Acting Party Chief for short period)
John W. HarshbargerI 
Padraic Partridge

I I Stephen T. Novotny
Leonid Bryner

Party No.4

I" Anthony M. Mastrovich, Party Chief
Bartow W. Van Voorhis, Jr.

I... General Purpose of Survey

I During the period 1943 and 1944, the primary purpose was
to locate. describe, sample, and generally evaluate the SOM-
vanadium mineralization in the western Carrizo Uplift and

I Chuska Mountains Areas. To this end, the areal geology of
the areas, with emphasis on the Salt Wash member of the Morrison
formation, was mapped. The triangulation and the laying out

I of leased plots were supplemen_tal parts of this work.

The field work in 1945 was for the purpose of collecting
additional and supplemental geological data in order to com-I plete the record and to calculate the ore reserves of the
areas.

I Acknowledgments
Grateful acknowledgment is given to the proprietors of

I the trading posts in the areas, especj.ally A. E. Palmer and
Troy Washburn of the Sweetwater trading post, who supplied
living quarters for party members and valuable information

I concerning the roads and available water supplies. Several
field cooks, especially Regden S. Whitson, accompanied the
parties at various times.

I '-"

I
," .I I i iI"" ..
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II Mr. J. E. Weston and Mr. Thomas W. Holmes of the U. S.
Vanadium Corp. gave invaluable assistance in the selection

II and surveying of the leased holdings.

Reclassification of Areas. Districts. and Localitie~

I Due to the unsurveyed nature of the areas, many variations
in the designation of the areas, districts, and localities

I and in their grouping have arisen during the examination and
in the reporting of the mineralized occurrences in the Northern
Navajo Indian Reservation.

I The first reconnaissance work was carried on in the southern
districts on the Wade-Curran Prospecting Lease. The Monthly
Progress Report for August, 1943 called this region the Alcove

I I District of the Chuska Mountains Area. In the September Progress
Report the same area was divided into the Alcove District (Cove
Mesa) and the Hogansaani District (Kinusta Mesa). In the October
Report, the Chuska Mountains Area was limited to the CoveI District (Cove Mesa), and the area to the north which formed
a physiographic unit around the Carrizo Mountains was designated
as the Ca~rizo Uplift Area. The Kinusta and Sigi Ho Cho Districts

I were included in "the latter area and the Alcove and Hogansaani
District terminology was dropped. In the November Report the

..Eurida District (Emmanuel Mission Mesa), and in the December
Report the Beclabito and Toh Acon Districts were added to the

II Carrizo Uplift Area. In March, 1944 the Eurida District was
changed to the Eurida (Toh Atin) District with the reassignment
of some of the more easterly localities to the Sigi Ho Cho

I District.

Preliminary Reconnaissance Reports covering the periodI from October to December, 1943 were submitted in January, 1944.
nlese are listed below:

1. Kinusta, Toh Acon, and Eurida Districts
II By E. H. Eakland, Jr. et al.

2. Kinusta Mesa (Showings 1 to 14)
II By E. H. Eakland, Jr.

3. Sigi Ho Cho, Altar, Friday, and Eurida Mesas
By F. X. Corbett

I 4. Cove Mesa and Two Small Mesas (South of Cove Mesa)
By A. H. Coleman

II 5. Mexican Cry Mesa
By A. H. Coleman

I ~~

I
",ct." "" i."'" ,,' ,.," "
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I The maps, sketches; and profiles submitted at the same time
included those listed below:

I Ariz-cu-cm-5 Districts Covered by Wade-Curran
Lease, Carrizo and Chuska Areas

I Ariz-cm-2 Cove Mesa District -Chuska Mtn. Area
Sketches of Sections and Ore Showings
Nos. 1,3,4,11,12,13,15, and 17

II Ariz-cm-3 Cove Mesa District -Chuska Mtn. Area
Sketches of Sections and Ore Showings
Nos. 18,20,24,25,28,32,38,42,44,48

I and S48

Folder Navajo Reservation-Arizona-Carrizo

I Uplift Area; Kinusta, Eurida, and Sigi
Ho Cho Districts, Corbett and Eakland
Maps. Small topographic maps, claim
maps, profile and detail sketches

I Nos. 1-88.

From January through September, 1944, several letters
I concerning sample numbers, assays, and Union Mines Development

Corp. leased plots as well as several copies of the areal map,
Ariz-cu-cm-5, showing sample and assay data and the sketched
delineation in green of the selected Union Mines Development

II Corp. plots were submitted. In September, 1944, a tabulation
of all the sample and assay data referrable to the areas covered
in this report with a covering letter concerning ,them was sent

I to the New York Office. All the data previously submitted
has been revised or summarized in the present report. The
following formal reports have been or are being submitted on
districts in the Carrizo Uplift Area:

I B'Cla B'Toh District, Carrizo Uplift Area, Arizona-

New Mexico
I By A. H. Coleman

Eurida (Toh Atin) District, Carrizo Uplift Area,I Arizona By E. H. Eakland, Jr.

In order to clarify this confusing and varying terminology,I the following revised classification, giving areas, districts,
and localities and the areal sheets showing them, has been
submitted for this and any subsequent reports on the areas

I involved.

la. Carrizo Uplift Area (Eastern Section), Arizona-New Mexico
A. B'Cla B'Toh District

1""'- Also called Beclabito, Bitlabito, and Biltlabito.

I
II ,. ",.."". ".,., ill" ",',
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I Located on the eastern slope of Carrizo
Mountains along the Arizona-New Mexico

I state boundary. Formal report submitted
and included data are not summarized in
this report.

I lb. Carrizo Uplift Area (Western Section), Arizona
A. Eurida (Toh Atin) District

Also called Toh A Tin. On outlying westernI slope of the Carrizo Mountains, to north
and west of main mineralized localities.
Formal report being submitted in connection
with this report and the pertinent data

I are summarized in this report.

a. Sweetwater Mesa Locality (Ariz-cu-16)l b. Red Mesa Locality (Ariz-cu-17)
c. Mexican Water Locality (Ariz-cu-18)

B. Sigi Ho Cho District
Also called Siggy 110 Cho. On western slope of

I Carrizo Mountains. Covers most of the mineral-
ized Salt Wash exposures. 10 of 12 Union
Mines Development Corp'. leased plots lie

I in this district. (Navajo Indian Reservation

Lease)
.a. Martin Mesa Locality (Ariz-cu-24)I Formerly included in Old Eurida District

b. North Carrizo Locality (Ariz-cu-24)
Formerly included in old Eurida District

c. North Saytah Canyon (Ariz-cu-24)I Formerly included in old Eurida District
d. South Saytah Canyon (Ariz-cu-24)

Formerly included in old Eurida District
I e. Carrizo Mountains Locality (Ariz-cu-24)

f. Eurida Mesa Locality (Ariz-cu-23, -24)
Formerly included in old Eurida District

g. Emmanuel Mission Mesa Locality(Ariz-cu-23)I Formerly included in old Eurida District
h. Altar Mesa Locality (Ariz-cu-23)
i. Friday Mesa Locality (Ariz-cu-23)I j. Sunnyside Mesa Locality (Ariz-cu-23)
k. Sigi Ho Cho Mesa Locality (Ariz-cu-23)

C. Toh Acon District
Also called Toh A Con. On western slope of Carrizo

I Mountains, covering small showings along the
western edge of the main mineralization.

a. Toh Acon Mesa Locality (Ariz-cu-15)
I D. Kinusta District

Also called Kenusta. On southwestern slope of
Carrizo Mountains, covering important area

I of mineralization and one of large plots of

I
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II the Navajo Indian Reservation Lease of
Union Mines Development Corp.

I a. Kinusta Mesa Locality (Ariz-cu-23)

2. Chuska Mountains Area
A. Cove District

I At northern end of the Chuska Mountains. covering
important mineralization.

a. Cove Mesa Locality (Ariz-cm-l)
I Southern two-thirds of mesa covered by Navajo

Indian Reservation Lease of Union Mines
Development Corp.

b. East Mesa Locality (Ariz-cm-l)
I c. West Mesa Locality (Ariz-cm-l)

B. Mexican Cry Mesa District
South of Cove District and not included in this

I report. For location see old map (Ariz-
cu-cm-5).

The present supplemental and summary report concerns itself
II primarily with the mineral resources of the Sigi Ho Cho. Toh

Acon, and Kinusta Districts of the western Carrizo Uplift Area
and the Cove pistrict of the Chuska Mountains Area. However.I information on the areal geography and geology, necessarily
neglected in the preliminary reports. is included. The old
maps, Ariz-cm-2, -3 and Ariz-cu-cm-5, have been superseded by

I newer maps. The first two may be referred to for the details
concerning certain ore occurrences but the SOQ assay results
posted on them have been replaced by newer assay data. Similarly.
the descriptions and sketches in the preliminary reports may

I have been replaced by more recent and revised assay and field
data. The older and the newer information has been correlated
into this report and there should be little need to refer to

I the preliminary reports or earlier maps. It is believed that
all the inadequacies in the preliminary reports, letters. and
maps submitted have been corrected in the present report
which gives the final and correct picture of the areas involved.

I
I GEOGRAPHY

_~hysiograpgy

II The western Carrizo and Chuska Mountains Areas lie within
the Gothic Mesas physiographic sub-division of the Navajo

II Section, Colorado Plateau Province as defined by Gregoryl. A

IGregory, H. E.. U. S. Geo1. Survey Prof. Paper 93,
I \,:...,

I
" ".c
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I nearly flat, post-Cretaceous uplifted plateau has been maturely
eroded by stream and arid climate agencies to produce scatteredI mesas, retreating escarpments, and broad and shallow canyons
and dry washes. Most of the Cretaceous and a large part of
the upper Jurassic formations have been removed so that the
remnants of these sedimentary beds, exposed in the topographic

I forms enumerated above, rest on the lower Jurassic Navajo sand-
stone. In more recent times, rejuvenated streams have cu~ a
few narrow incised canyons in the Navajo basement rock and in

I the Quaternary unconsolidated alluvium and gravels which cover
the basal formation. Thus two cycles of erosion are clearly

apparent.I

I As is common in such arid regions, the steep walls of the
mesas and escarpments are relatively free from talus but the
tops of the mesas, the foot of the cliffs, and the wide valleyI plains are usually covered with sand dunes and water-borne
sediments.

The Carrizo Mountains are reported to be an uplifted
I truncated laccolith, and the Chuska Mountains to the south are

formed by a narrow, flat-topped, steep-walled mesa remnant
of Eocene sediments resting on a truncated monocline.

II~. Locally the physiographic expression is due to the degree
of competency of the sandstone and shale formations. The moreI resistant sandstones form cappings and steep cliffs while the
shales form steep slopes between the sandstone rims.

I Topography

The topographic forms in the areas discussed are typical
I of arid regions. They have been enumerated above. The relief

of the areas ranges from 5000 to 7000 ft. above sea level,
generally sloping westward from the Carrizo Mountains which
rise to 9000 ft. in places. The mesas stand from 400 to 500

I ft. above the Navajo sandstone plain and some of the steep-
.walled canyons incised in the plain may reach a ZOO-ft. depth.

The mesa tops are flat, gently dipping or rounded with the
I relief on them usually less than 100 ft. The Navajo sandstone

plains are gently rolling surfaces. To the west, the relief
decreases and has a minor topographic expression except for
Toh Atin Mesa which stands 800 to 1000 ft. above the plain.

I
Water Resource~

II Water is relatively scarce in all the districts. Walker
and Toh Jin Lin Creeks carry water most of the year with 5 to
40 second feet depending on the season. This water is used

II locally for the irrigation of the small cultivated plots of

II
""' "."". "I""" "."j ,""' ..",. """,
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I the Indians but it is not fit for human consumption due to
stock pollution and contained mineral salts.

I There are a few widely scattered springs which are used
for domestic and stock purposes. The best of these is located

I at the Sweetwater trading post. Their average flow is about
2 to 3 gallons per minute. The water for the field parties
was usually hauled from the Sweetwater spring.

I Some deep and shallow wells have been drilled by the U. S.
Indian Service for the benefit of the local Indians. Windmills
have been placed on some of these and the water is stored in

I I open tanks. The water source of these wells is probably in
the Navajo sandstone.

I yegetation
Vegetation is scarce and the types are of the arid andI semi-arid varieties. Bunch grass, isolated junipers, yucca

(soap weed), and prickly-pear cactus can be found on the
plains. On the mesas, where there is some residual soil, a
few junipers, scattered pinons, and abundant bunch grass grow.

I Mormon (Brigham) tea and sage brush are also present. The
~ Carrizo and Chuska Mountains are well forested with pines,

and the creek bottoms often show salt cedar bushes and occasional
I willows.

Climate

I ~~e climate is arid with hot summers and cold winters.
The temperature ranges from below 00 F. to above 1000 F. The

I summer heat is alleviated by the low humidity and cool nights.
The average rainfall is 5 to 10 in. per year and is concentrated
in a few summer thunder showers and about 10 light snows inI the winter. The alternate freezing and thawing plus the snow
in the winter and the short rainy season in the summer make the
roads hazardous for travel. Except for the months of August
and September, strong south winds, with abundant dust and sand,

I blow almost constantly.

I GEOLOGIC RELATIONS

I Areal Distribution of Cartographic Units

The three large areal geology maps, Ariz-cu-16, -17, and -18,
I -.and the three similar maps, Ariz-cu-15, -23 and -24 show the

I
" ,.
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I distribution of the formations as mapped in the areas covered
by this report. Particular attention was given to the Salt

I Wash member of the Morrison formation, and the adjacent forma-
tions were only mapped where it was necessary or convenient.

The oldest formation exposed in the areas is the Jurassic
I Navajo sandstone which forms the basement plain. This formation

is far more extensive than is shown on the maps but it is
usually covered by alluvium and sand and its distribution has

.I no bearing on the purpose of the examination.

The Jurassic San Rafael group of sediments lies on the
Navajo but it has not been completely differentiated into its

I component parts due to its obscure contacts, its gradational
character and its often inaccessible exposures on the cliffs.
The sediments of this group occur in the lower portions of

I the mesa cliffs and are quickly eroded away when not capped
by more resistant beds. In the southern districts, the whole
group is usually exposed below the mesa rims but in the northern

I districts, the exposures are intermittent and usually only
the upper section of the group can be seen.

The Jurassic Morrison formation, the next higher stratigraphic
I unit, caps most of the mesas. The basal member in most of the

i Toh Acon Mesa and Martin Mesa Localities and in the Eurida

..(Toh Atin) District is the Bluff sandstone which occurs asI vertical cliffs. Except in the very northern and western parts
of the Carrizo Uplift Area, it is thin, intermittent, and obscure.
It is not shown on the areal maps but does appear in the profiles
and sections where present.

I Where the Bluff does not occur, the Salt Wash member, a
resistant sandstone, is the basal member of the Morrison. ItI occurs as the cap rock on most mesas throughout the areas
but much of its possible exposure is covered by wind-borne or
residual mantle.

I The upper Morrison members are only present on the higher
and better protected mesas or on the high slopes of the mountains.
The Recapture shale has only been identified in poor exposuresI and erosional hills in the Mexican Water Locality and at the
base of Toh Atin Mesa. The Westwater and Brushy Basin sandstones
and shales are poorly exposed around the sides of Toh Atin Mesa
which also has a small remnant capping of Cretaceous DakotaI formation. Undifferentiated uppe: ~orrison w~s a~so recognized
in the northeastern part of the S1g1 Ho Cho D1str1ct.

I Igneous rock intrusives are exposed in the north and central
parts of the Sigi Ho Cho District. These occurrences were not
mapped in the field but their exposure outlines were taken fromI ~'. "

I
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I a map reported to have been copied from a U. S.. Geol. Survey
map by Jensen. No further reference has been found but theII delimited igneous exposures are judged to be sufficiently
accurate for the purposes of this report. The only other
igneous occurrences shown are a plug and a few dikes in the
Mexican Water Locality.

I
Stratigraphy

II GLEN CANYON GROUP -JURASSIC

The only formation of this group which is exposed in the
I I areas examined is the Navajo sandstone. This formation forms

the basement rock of the district but is only exposed in the
deeper canyons between the mesas. It was not mapped or des-

II cribed in detail in any of the districts. This sandstone
forms steep, rounded canyon walls with broad, rounded shoulders,
marked by weathered dome-shaped buttes and alcoves. The upper
contact is a beveled surface. The massive, light-tan exposures

I have extensive, long, sweeping, tangential cross-bedding accen-
tuated by erosion.

I This formation is best observed in the canyons adjacent
'~.c to Cove Mesa, in the canyons south of Kinusta Mesa, in Walker

Creek to the north of Kinusta Mesa, in the canyons bordering
Toh Acon Mesa, and around the base of the mesas in the southern

II portion of Sigi Ho Cho District. It is seldom exposed in the
northern portion of Sigi Ho Cho or in the Eurida (Toh Atin)
Districts.

I
SAN RAFAEL GROUP -JURASSI~

I This group of sedimentary formations occurs throughout
the areas, resting on the beveled and unconformable surface
of the Navajo sandstone and underlying the Jurassic Morrison

I formation. The group was often partially covered by alluvium
and was incompletely differentiated due to the similarity of
the lithology of the units, their gradational contacts, their

II poor exposures, their inaccessibility and the lack of correlation
with known occurrences in other districts. In the Cove, Kinusta,
and Toh Acon Districts, the group is separated into a lower
(Carmel equivalent or mostly pre-Entrada) unit and an upper~
(Entrada and Summerville formation or mostly Entrada) unit.
Even this division could not be made in the Sigi Ho Cho and

" Eurida (Toh Atin) Districts.

\~ j The San Rafael group is composed of a series of predominantly

thick and flat-bedded, fine- to coarse-grained, reddish brown
silty and limy sandstones and sandy siltstones and mudstones.

II Locally there is weak cross-bedding. Numerous thin interbedded

I
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I clay and sandy shale partings with calcareous concretions are
seen. The bedding, particularly in the more northern districts,

I is wavy and crenulated due to the slumping and compaction during
consolidation. Bleaching of the beds is locally prominant.

The exposures are vertical and rounded cliffs, irregular
I benches and step-like slopes. The surface is knobby and "stone

babies" are common due to spheroidal weathering along the part-

ings and joints.

I Cove District (Ariz-cm-1)

The San Rafael has been partially differentiated in this
I district but no columnar sections were measured of the forma-I 

tions. Descriptions of the various facies were recorded in! 
the field.

I Lower (Carmel Equivalent): This facies is a reddish-brown
to orange-red sandy siltstone. resting unconformably as an ir-

regular bench on the beveled Navajo formation.

I U~per ~~ntrad~~nQ Summerville formationsl: The conformably

overlying silty reddish-brown Entrada formation forms nearly
L vertical cliffs of crinkled. sandy mudstones and silty sand-

stones, capped by an even, rounded resistant cliff of massive,
medium-grained, buff sandstone and grayish-brown, cross-bedded,

I coarse-grained, calcareous sandstone of the Summerville facies.

~sta Di~ (Ariz-cu-23)

I .In this district, the San Rafael was partially differentiated
in the same manner as in the Cove District. Incomplete sections
are shown 'in Columnar Sections and Profiles Nos. 1 and 2.

I Lower (Carmel Equivalent): The Carmel formation is poorly
exposed on a talus-covered, irregular bench at the base of the
cliffs. It rests on the beveled Navajo formation surface and

I is similar in lithology and structure to that in the Cove District.

U er Entrada and Summerville Formations: ConformablyI overlying the Carmel facies with gradational contact, the thick
and flat-bedded, reddish-brown, silty sandstones with thin
bands of cream-colored clay and reddish-brown mudstones of the
Entrada facies are exposed on a knobby, sheer cliff surface.I Rows of "stone babies" and the selective bleaching of the beds
are common features. The average thickness is about 58 ft.
The Summerville facies, conformably overlying the Entrada with

I gradational contact, shows as a steep slope with vertical ledges
and reefs. It consists of reddish-brown, orange-brown, and
dark-brown, predominantly thick- and flat-bedded to steeply

" cross-bedded, fine- to medium-grained arkosic and silty sandstones

I"'""'"

I
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I with coarser grains along the cross-bedding planes and with
some hard, thin, limy, resistant beds. Calcareous concretions

I and bleaching of beds are common. The average thickness is
about 72 ft.

To.h Acon District (Ariz-cu-15)

I, -In this =~rict, the San Rafael group has been partially
differentiated in a similar manner to that in the Cove and

I Kinusta Districts. One complete 360-ft. section, in the north--
western corner of the district near Survey Station No. 36, has
been recorded in the field but is not shown on the maps. Nine

i 1 incomplete columnar sections were measured along the cliffs ofI 
Toh Acon Mesa and are shown in this report.I

Lower (Mostly pre-Entrada): The Carmel facies consists
1 of flat-bedded, reddish-brown, and orange-brown shales and

mudstones with platy and laminated partings of buff sandstone
.and a few light-green mudstones. The exposures are gently
1 to moderately steep, irregular, shaly slopes with thin ledges

of more resistant calcareous sandstone. The bottom contact
is an unconformity with the beveled Navajo formation. The
upper contact is gradational and indistinct. In the north-1 western part of the district where a complete section is

-,' exposed, the thickness is about 144 ft.

1 Qpper (Mostly Entra~): The Endrada faci~ in the north-
western part of the district consists of a lower cliff of
flat-bedded, massive, reddish-buff, silty sandstone with
bleached streaks and spots and an upper steep, rounded slope

I of pronounced wavy and contorted reddish-buff silty sandstone
and reddish and purplish brown and light-green mudstones, with
blood-red streaks parallel to the bedding. The crenulations1 decrease upward. In this locality, onion-skin structure is

~ very prominent and is due to the spheroidal weathering of the

joint blocks. To the southeast, the Entrada facies shows as
a knobby cliff with local crenulations due to slumping. The

1 beds are flat-and thick-bedded, predominantly reddish-brown
but subordinately brick.-red, siltstones and silty sandstones
with some grayish-white or light-green bleached bands. Inter-

1 bedded, there are dark-red siltstones, brown and light-green
clayey shales and a few light-green calcareous sandstones.
The surface of the cliff exposures are often mottled reddish-

1 brown and greyish-white. The average thickness of the Entrada
facies is 76 ft. with a maximum thickness of 140 ft. to the
northwest and a minimum thickness of 53 ft. to the southeast.

1 The Summerville facies in the northwestern part of the

district -consists of alte~ating cliffs and ledges with steeply

curved shoulders under the conformable Bluff sandstone of the
..,1"-'

I
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I Morrison formation. Rounded "stone babies" are prominent and
in general the facies is more silty in this locality than in

I the Cove and Kinusta Districts. The lower third of the facies
is a reddish-buff, silty sandstone similar to the Entrada
while the upper two-thirds is a thick- and flat-bedded, buff
to white, sandy siltstone with a few interbedded thin, reddish-

I brown, calcareous sandstones and light-green siltstones. The
maximum thickness of this facies in this locality is 76 ft.

I To the southeast, the Summerville is expressed by a rounded
steep slope or cliff or more massive, flat-bedded, predominantly
reddish-brown but subordinately light-brown sandstone with
scattered calcareous concretions, some thin, interbedded, dark-

I brown to grayish-white limy sandstones and friable, maroon
sandstones and siltstones. The uppermost units are gently
to steeply cross-bedded and throughout its section there are

I light-green bleached spots. The average thickness for the
district is about 40 ft. with a minimum thickness in the center
of 7 ft. and with a thickness of 71 ft. to the southeast.

I .Sigi Ho Cho District -Southern Part (Ariz-cu-23)

The San Rafael group was undifferentiated in the mapping
I of this part of the district and no complete column has been

~- measured or described. The best exposures occur around Emmanuel
Mission Mesa but the base of the group is not exposed. The
upper part of the Carmel facies is a massive, fine-grained,

I reddish-brown sandstone with fine, bleached-white bands of
, friable, fine-grained sandstone. It has a maximum exposed

thickness of 42 ft. The Entrada facies is a vertical cliff
I of thick-bedded to massive, light reddish or chocolate-brown,

fine-grained sandstone with thin bands of bleached-white, friable
sandstone. Iron-coated rounded grains are loosely and firmly
cemented with lime. Dark-brown sandy shale partings are inter-I bedded in the sandstones. Crenulated bedding planes, local
rows of "stone babies" and large elliptical calcareous concre-
tions in rows parallel to the bedding are common occurrences.

I The thickness varies from 129 to 149 ft. The S_ummerville facie~
is exposed as a smooth cliff or rounded ledge with conformable
upper contacts with the Bluff or Salt Wash members of the Mor-I rison formation. It consists of reddish or light-brown and
buff, predominantly limy, massive, locally cross-bedded, fine-
to medium-grained. often bleached, banded sandstone. The
thickness varies from 10 to 19 ft.

I Sigi Ho Cho District -Northern Part (Ariz-cu-24)
,I The incompletely exposed series of silty sandstones of

the San Rafael group were not differentiated in this locality.
The beds consist of reddish-brown to orange-red, flat-bedded,

I-
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I moderately calcareous, friable sandstones with intercalated
6-in., hard, calcareous siltstones and silty sandstones. It

I is exposed as a steep to vertical cliff of alternating resistant
and soft silty ledges which weather into nodular and knobby
outcrops with abundant "stone babies". The warping and crenu-

I lation of the beds is prominent in the upper half of the sections.
The maximum incomplete thickness is about 109 ft.

~urida (Toh Atin) Distric~ (Ariz-cu-16, -17, -18)I 

I The undifferentiated San Rafael group, as described by
Eakland in his formal report on this district, shows as steep

II to vertical cliffs of reddish to orange-brown silty sandstones
and mudstones which are flat-bedded, somewhat calcareous, friable,
and very fine-grained. Hard and calcareous siltstones are
intercalated. Bleaching and crenulation of the beds areI prominent. The average thickness of the group in this district
is about 205 ft.

I MORRISON FORMATION -JURASS~~

The Morrison formation is seldom completely exposed in the
I areas covered by this report. The basal members, either Bluff

or Salt Wash sandstone, are exposed near the top of the mesas
and the latter sandstone usually caps the mesas. The upper
Morrison formation is only exposed in the Saytah Canyon-North

I Carrizo Localities and in the Eurida (Toh Atin) District. The
complete thickness of the Morrison is estimated at 900 to 1000
ft. The formation is of major importance for all the known

I SOM.-vanadi\nTI occurrences of the areas lie in its Salt Wash
member.

Bluff Member: This unit occurs as intermittent, generally
I thin, gently cross-bedded to flat-bedded, friable, white to

gray, fine- to medium-grained sandstone lenses composed of
sub-rounded to sub-angular quartz and feldspar with minor chertI and, locally, weak lime cement. Coarser grain particles occur
along the cross-bedding planes. It has apparent conformable
contacts except in the northern districts where it lies on the
contorted San Rafael beds. This sandstone forms rounded shouldersI above the upper San Rafael beds and where thickest appears as
a rounded undercut cliff. The Bluff member thickens northward
from its most southerly exposures in the Toh Acon Mesa and in

II the central part of the Sigi Ho Cho District.

Salt Wash Member: This is the basal unit of the Morrison-

formation where no Bluff sandstone is present. Where Bluff
I is present, the Salt Wash sandstone rests conformably on the

Bluff sandstone. The contact with the San Rafael group is
apparently conformable in the southern districts but unconformable

II~ to the north where the San Rafael beds have been contorted.

I
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I The Salt Wash member caps most of the mesas with a series
of alternating step-like, steep slopes or benches and nearly

I vertical cliffs. It consists mostly of gray, buff, yellow,
brown, red and white, flat to steeply cross-bedded, thin- to
thick-bedded, platy to massive, friable, fine- to medium-grained
sandstone lenses of sub-rounded to sub-angular quartz. ThinI gray, green, brown, and lavender mudstones and clayey shales
and black carbonaceous seams are interbedded in the sandstones.
The base is often a thin clacareous or gritty sandstone or a

I sandy limestone. The sandstones are weakly to strongly cemented
with lime and show specks and staining of iron. Light-green
to maroon to brown clay galls are often present in the shaly

II sandstone partings and scattered calcareous concretions, ripple
marking and sand-filled mudcracks are locally found. The
breaks in sedimentation, i.e., diastems, contain carbonaceous
material such as trash piles and petrified wood. Silicified

II logs and trees are relatively scarce in comparison to other
districts in Colorado and Utah. The complete thickness of the
Salt Wash is seldom exposed and is probably variable throughout

II the areas. In general the member thins out to the north.

Upper Morrison Members: The upper members of the Morrison
formation are exposed only in the northeastern part of the Sigi

.Ho Cho District and in the Eurida (Toh Atin) District. Complete
IL exposures are seldom found even in these districts and the

members have not been studied in detail. The Recapture, West-
I water, and Brushy Basin facies have been recognized and are

briefly described under the districts in which they occur.

Cove District (Ariz-cm-l)

II ~he Salt Wash sandstone is the basal and only member of
the Morrison exposed in this district. It lies with apparent

I conformity on the San Rafael group as a thick capping. The
upper part of the member and the upper Morrison members have
been eroded away. Columnar Sections A through F on the areal
map show the incomplete section measured on Cove Mesa.

I The thick sandstone capping appears as a steeply sloping
series of step-like benches with short sloping treads. TheI sandstone lenses are gray, buff, yellow, brown, and red, flat-
to steeply cross-bedded, thin- and thick-bedded, platy to massive,
and friable with rounded to sub-angular, fine- to medium-grained,
quartz grains weakly to well-cemented with lime and speckled

I with iron staining. Light-green to maroon clay galls, averaging
0.1 ft. in diameter, occur in the sandstone partings. The
lenses are separated by thin gray, green, brown, and lavender

I mudstones and black carbonaceous seams. Several thin calcareous
sandstone or sandy limestone beds are found at the base. The
maximum incomplete thickness measured was 113 ft. (Col. Sect. F).

1."-
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II The SaM-vanadium deposits occur from 10 to 93 ft. above

the base of the Salt Wash member but the majority and best
I mineralized occurrences are limited to an upper horizon from

43 to 93 ft. above the base. The deposits are associated
with diastems containing trash piles or with shaly sandstone
partings in uniformly deposited calcareous sandstone.

I Kinusta District (Ariz-cu-23)

I As in the Cove District, the Salt Wash sandstone is the
basal and only member of the Morrison formation present. It
lies with apparent conformity on the San Rafael group, as a

I series of steep slopes separated by nearly vertical cliffs.
I The top of its exposure on Kinusta Mesa is covered by dunes

of wind-blown sand. Columnar Sections and Profiles Nos. 1
and 2 show the incomplete section of this member.

1 Lenses of white, gray, buff, brown, and red, gently to
steeply cross-bedded, thin- to thick-bedded. laminated to
massive and mostly friable sandstone are interbedded with

I hard, calcareous sandstones. Light-green and brown clay galls,
less than 1 in. in diameter, in a sandy matrix appear at the
base of the sandstone beds and a few beds show well-developedI ripple marks and calcareous concretions: The basal beds in
places contain quartzitic grits. Coarser grains are found
parallel to the cross-bedding planes. The partings and seams

I in the sandstone lenses are gray, light-green, chocolate-brown
and red clayey shales and light-green and brown paper-thin
shales.

I The maximum incomplete section measured, 120 ft., was in
Columnar Section No.1. With minor exceptions, the SO~1-vanadium
deposits occur in the upper half of that section, from 40 to 95I ft. above the base with the majority and best mineralized
showings from 70 to 95 ft. above the base of the Salt Wash
member. The smaller mineralization occurrences are associated
with shaly sandstone partings containing carbonaceous material.

I There are relatively few diastems. The better mineralized
deposits are associated with organic material such as logs,
trees, reeds, and trash in the better developed diastems. A

I few occur in carbonaceous partings in clean, well-sorted and
relatively hard calcareous sandstones.

Toh Acon District (Ariz-cu-15)

II --In thisd:::rict, either the Bluff or the Salt \vash sand-
stone may be the basal member of the Morrison formation. In

II either case, their lower contacts appear to be conformable.

Bluff Member: This member occurs as thin intermittent
;1-- sandstone lenses forming the rounded top of the curved Sununerville

cl
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II facies shoulder. This sandstone is white, cross-bedded, and
friable with predominantly medium-grained but with some fine-II to coarse-grained quartz and feldspar. Some of the cross-beds
are gently inclined and the coarser-grained particles are
aligned along the cross-bedding planes. Little lime cement
and few lime concretions are found in it.

I Individual lenses of Bluff sandstone were found at the
southeastern end of the Toh Acon Mesa as delineated byI Columnar Sections Nos. 5, 6, and 7; at the northwestern end
by Columnar Sections Nos. 1 and 3; and one in the outlyingI 
mesa near the northwestern corner of the district. The

maximum thickness in the northwestern exposure is 12 ft.
I but the average thickness of the lenses is only 5 ft.

Salt Wash Member: This member of the Morrison formation
occurs as either the basal unit of the Morrison or conformable

I on the lenses of Bluff sandstone. Its outcrop consists of a
series of vertical cliffs and steep slopes.

The sandstone lenses are gently cross-bedded and thin-
II bedded, medium-grained, friable, and grayish and to a lesser

degree flat-bedded or steeply cross-bedded, thick-bedded,
laminated, fine-grained, calcareous, and with shades of brown,I" buff, and locally light-green. The grains are rounded to

.' sub-rounded and light-green to brown clay galls occur near
the base of the lenses. Scattered calcareous concretions,
1/8 to 3 in. in diameter, iron-stained coatings, sand-filled

I mud cracks, and ripple marks are locally observed. The clayey
shale partings with maximum thickness of 3 ft. occur between
the sandstone lenses and are colored shades of brown and red

I and less frequently green and gray. Nodular reworked mudstone
and thin, fine-grained, gray limestone often form the basal
beds.

II The maximum incomplete thickness of Salt Wash sandstone,
175 ft., was measured in Columnar Section No.2. The average
incomplete thickness is about 85 ft. The SaM-vanadium depositsII are present mainly in the lower half of the thickest section,
29 to 81 ft. above the base of the Salt Wash sandstone. More
than one-half of the ore showings lie from 40 to 60 ft. above

II the base but the more extensive deposits are in the upper
two-thirds, 41 to 81 ft. above the base. The showings are
similar to those of Kinusta Mesa except that the majority of
the ore pods still remaining in the Toh Acon District are

I stratigraphically lower than those on Kinusta Mesa, with the
overlap amounting to about 11 ft. In the Toh Acon District,
the mineralization is more intimately associated with carbonaceous

II material such as tree trunks and fragments and with clay galls
than in the Kinusta District but the diastems are less well
defined than in the latter district.

I'..
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I _Sigi Ho Cho District -Southern Part (Ariz-cu-23)

I Discontinuous lenses of Bluff sandstone are locally the
basal member of the Morrison formation at Emmanuel Mission Mesa
but elsewhere the Salt Wash sandstone is the basal unit.
There is no apparent unconformity between the underlying San

I Rafael group and the Morrison formation. The top of the Salt
Wash member and the upper Morrison members have been eroded.:

I Bluff Membe~: The Bluff member is a lensing, 0 to 6 ft.,
light-gray to white, fin'e- to medium-grained, cross-bedded
sandstone locally cemented with lime. It occurs as an ex-

I tension of the rounded ledge or cliff of the Summerville
facies of the San Rafael group.

Salt Wash Member: This incomplete member caps all the
I mesas with a series of ledges and talus slopes. On Emmanuel

Mission Mesa, it is a thin- to thick-bedded, laminated and
massive, fine-grained, cross-bedded, friable, gray, green,

I buff, and brown sandstone interbedded with thin, light-gray,
reddish-brown, dark-brown, and light-green shale and sandy
shale seams. Specks and staining of iron, limy cement, carbon-
aceous partings and thin, fine-grained, dark-gray limestones'

I are locally prominent. The maximum incomplete thickness of
-the Salt Wash member, 240 ft., was measured on this mesa but

the average thickness is about 170 ft. There are no known
II SOM-vanadium occurrences on this mesa.

On the other mesas, the sandstone is predominantly thin-
bedded, fine-grained, cross-bedded, friable) and buff or grayish

I white interbedded with thin red to green clay seams and partings.
Some thick and massive bedding also is found. Many of the
sandstone beds are stained yellow and brown or purple andI by iron or vanadium efflorescence and there are a few red and
green shales and gray shale seams.

On Eurida Mesa, the incomplete maximum exposed thickness
I of the Salt Wash member is 188 ft., the average about 159 ft.,

and the mineralization is from 17 to 50 ft. above the base of
the Salt Wash member. On Altar Mesa, the maximum incomplete

II thickness is 150 ft. with the mineralization from 25 to 27 ft.
above the base. On Sunnyside Mesa, the maximum incompletely
exposed thickness is 177 ft., the average about 160 ft., and
the mineralization at about 53 to 60 ft. above the base. On

I Friday Mesa, the maximum thickness exposed is 250 ft., and the
mineralization about 33 to 50 ft. above the base. On Sigi
Ho Cho Mesa, the maximum thickness of the incompletely exposed

I Salt Wash member is 205 ft. with an average of 169 ft. and the
mineralized zone from 56 to 92 ft. above the base. Thus there
are two principal stratigraphic ore zones. The lower zone,

I ,-
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I on Eurida, Altar, and Friday Mesas at about 17 to 50 ft. above
the base and the upper zone, on Sunnyside and Sigi Ho Cho Mesas,

I at about 53 ft. to 92 ft.

Sigi Ho Cho District -Northern Part (Ariz-cu-24)

I The Bluff member is the usual basal unit of the Morrison
formation and lies unconformably on the contorted Summerville
facies of the San Rafael group. The Salt Wash member isI conformably above the Bluff and the undifferentiated upper
Morrison occurs above the Salt Wash in the northeastern part
of the district. There is no apparent unconformity within
the Morrison.

II ~luff Member: On Martin Mesa, this basal member lies

intermittently and nonconformably on the contorted San Rafael
I group as a steep, rounded, undercut cliff. The sandstone is

white to gray with reddish stains, cross-bedded, flat-bedded,
highly friable locally, medium-grained with sub-angular toI sub-rounded quartz and minor chert and coarse to very coarse
quartz grains common along the cross-bedding planes. There
are very few small calcareous concretions and minor green to
brown clay seams. Its first appearance in the district is

.on the west side of Lower Saytah Wash where_it has a thick-
..:. ness of 15 ft. (see Columnar Section No. 12). At the west

end of Martin Mesa, the thickness is 25 ft. (see Columnar
I Section No.5).

_Salt Wash Membe~: The Salt Wash lies conformably on the
Bluff member in the Martin Mesa Locality but unconformably on

I the San Rafael group in the North Carrizo locality where the
Bluff is absent. Its exposures are steep cliffs of alternating
nearly vertical cliffs of sandstone and steep slopes of inter-

I bedded shale and sandstone. The lenticular sandstone is usually
gently cross-bedded, less often flat--bedded, thin-bedded,
medium-grained, gray to light brown and loosely cemented with
lime. Few steeply cross-bedded, laminated or platy, fine-grained,

I hard, w~ll-cemented, calcareous, yellowish and reddish-brown beds
occur locally. The sandstones are usually well-sorted with
rounded to sub-rounded grains, predominantly quartz. Light-

I green to yellow and brown clay galls are common in the sand-
stones. Calcareous concretions are rare. Green, black, brown,
grayish--green, and reddish-brown intermittent shale beds, 1I to 3 in. thick, occur as partings and wavy contorted bands in
the sandstones.

The maximum incomplete thickness, 209 ft., was measured
I in Columnar Section No.4. The average thickness is about 92

ft. The SOM-vanadium occurrences are in the lower one-third
;;.:". of the Salt Wash member, from 1 to 50 ft. above the base of the

I ..;c':~

I
',", I lu""JI"', .1' ,",j'.



I.

, -21-

I Salt Wash. About 90 percent of the occurrences. in the Saytah
Canyon and North Carrizo localities are 14 to 45 ft. above
the base. In Martin Mesa, the ore horizons are from 1 to 29

I ft. above the base.

Upper Morrison Members: Adjacent to the Tertiary intru-
I sives and between the Saytah Canyon and North Carrizo Locali-

ties, the undifferentiated upper Morrison formations are pre-
sent. There are few exposures and no definite contacts couldI be established. They were not mapped and the symbol "Jm" is
used to designate the undifferentiated Morrison.

This grouping consists of alternating beds of sandstone
I and shale which form a uniform steep slope. The sandstones,

1 to 50 ft. thick, are cross-bedded, flat-bedded, friable to
hard, calcareous, fine-grained to medium-grained, olive-green,

I brown, white, and gray. The shale, in the central stratigraphic
section, is 57 ft. thick and is olive-green, light-green, brown,
purple, and maroon. It contains thin intermittent strata of
hard, calcareous sandstone.

I No complete thickness of the upper Morrison beds could be
measured but in the northeast corner of the North Carrizo

.Locality, an incomplete measurement of these beds showed at
~: least 450 ft. to be present.

Eurida (Toh Atin) District (Ariz-cu-16, -17, -18)

I --The full ra:ge of th~ Morrison formation is disclosed in
this large district lying to the west and north of those dis-

I cussed above. The members have been described by Eakland in
his formal report on this district and only the more pertinent
features are reviewed here.

I The Bluff member, a lenticular bed of white calcareous
sandstone, thickens northward from 1 to 3 ft. in the Sweet-
water Locality to 45 ft. in the Mexican Water Locality.I It forms steep, curved, overhanging cliffs. Its lower contact
is in part conformable and in part unconformable with the
underlying San Rafael group as is the case in the other
districts.

I The Salt Wash member consists of lenticular, light-gray,

1 to 15 ft. thick, sandstones and interbedded 1 to 3 in. reddish-
I brown and light-green clayey shales and mudstones and sandy

limestones. The sandstones are cross-bedded with good foreset
stratification, locally yellow-stained, predominantly well-I sorted, medium-grained, and sub-rounded quartz grains, loosely
cemented with calcite and iron and containing relatively large
sphere- and disk-shaped calcareous concretions in its upper beds.

1'-
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t SaM-vanadium mineralization is rare and spotty as would be
expected from the general lack of carbonaceous material.
This member is known to thin and disappear northward, and in

I the Mexican Water Locality where the only complete section
could be measured it is only 66 to 108 ft. thick. The upper
contact with the Recapture member, however, is usually some-

I what indefinite.

The Recapture membe~, seldom completely exposed, consists
I of a steep slope with a few vertical ledges and thickens north-

ward as the Salt Wash member thins. It consists of 350 to 400
ft. of maroon shales and mudstones and thin beds of hard, brown,I 
sandy limestone or limy sandstone interbedded with cross-bedded,

i I very friable, somewhat calcareous reddish-brown and brown,
medium- to fine-grained quartzitic sandstones, 1 to 20 ft.
thick.

I the I~estwater member outcrops as alternating vertical
cliffs of sandstone and steep slopes of shale and consists of
thinner light-brown to yellow-green, cross-bedded, very friable,

II medium-grained sandstones intercalated with yellow-green, sandy
shale and mudstone of variegated red, gray, brown, orange, and
purplish brown. The main distinguishing feature is the color.

~ The thickness of this member ranges from 260 to 270 ft.

~e Brushy Basin member outcrops as a steep slope, and
I is made up of a series of soft, variegated shales and mudstones

with thin bands of harder calcareous light-gray shales. The
exposures are poor but the thickness ranges from about 180 to
250 ft.

II _DAKOTA FORMATION -CRETACEOUS

I This formation, a hard, light-yellow to yellow-brown

quartzitic cobble and boulder conglomerate, was identified

only in the capping on Toh Atin Mesa. The exposures are
incomplete and the outcrop is a flat erosional bench boundedI by jagged vertical cliffs. Dakota sandstone may also be
present in the northeastern part of Sigi Ho Cho District close
to the igneous intrusives, but it was not mapped or examined.

I _ALLUVIUM -QUATERNARY

Wind-blown sand covers most of the basement Navajo formation
I and much of the basal Salt Wash and underlying San Rafael group

around the foot of the mesas. The northern half of the east
rim of Cove Mesa and the embayments on the north and south

I sides of Kinusta Mesa contain such deposits. The west and
southwest rims of Toh Acon Mesa are buried by wind-blown sand
and locally by a thin mantle of soil. The small deposits below

',.. the northeast rim of this mesa were not mapped. In the Sigi

I-
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I Ho Cho District, the alluvium is also largely wind-blown sand
which was mapped in the embayments at the northeastern end

I where the formations dip under the valley fill and also was
mapped between the Sweetwater and Emmanuel Mission Mesas.

Bench gravels were mapped on Friday and Sigi Ho Cho Mesas
I and also in the North and South Saytah Canyons, and Carrizo

Mountains Localities and in the northern extension of Eurida
Mesa. These gravels, previously considered to be Chuska

I conglomerate of Tertiary age, are now considered to be semi-
consolidated Quaternary gravels. A section measured in South
Saytah Canyon (Columnar Section No.4) showed a 33-ft. thickness.
The gravels consist of rounded boulders of quartz diorite

I porphyry and black limestone and pebbles of quartz and chalcedony
in a loosely cemented sandy matrix. Stream gravels derived
from these bench gravels were mapped in South and Lower Saytah

I Washes.

Igneous Rocks

I Igneous rocks are found only in the northeastern quarter

of Sigi Ho Cho District and in the Mexican Water Locality of
I the Eurida (Toh Atin) District. In the southern part of Sigi

: Ho Cho District, the southern extension of the sill-like in-
trusives of Tertiary age are exposed in the San Rafael group

I beds at the east end of Eurida Mesa. The igneous rock exposures
can be followed northward into the Carrizo Mountains. The
northern extension was copied from a map reportedly taken from
aU. S. Geol. Survey map by Jensen. The rock was not examined

1 in detail but megascopic inspection of the porphyry boulders
indicated the rock to be a diorite or a quartz diorite porphyry.

I In the Eurida (Toh Atin) District, Eakland reported an
igneous plug, Boundary Butte, and several associated and scat-
tered dikes.

I Structure

I The major structural features of the areas have a direct
relationship to the Carrizo and Chuska uplifts. These uplifts,
in part due to monoclinal folding and in part due to igneous
intrusion, control the regional strikes and dips in the areas.

1 Cove Mesa has an essentially flat surface based on sedimentary
beds dipping 1~0 N. 470 W. away from the Chuska Mountains.
Kinusta and Toh Acon Mesas have essentially flat-lying beds.

I In the Sigi Ho Cho District, the formations on the southwestern
flank of the Carrizo Mountains have a higher dip due to the
intrusives, 60 N. 550 W. at the Eurida Mine on Eurida Mesa.

I":"
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I The dip of 10 degrees at Saytah Canyon is more northerly. In
the Carrizo Mountains, the formations are relatively more

I disturbed.

There are several broad, gently dipping, asymmetrical
anticlines and synclines in the areas but most of them are

I too indistinct to map. The strongest and only one mapped lies
at the north end of Sigi Ho Cho District along Martin Mesa.
This anticline, striking N. 700 W. dies out under Toh Atin

I Mesa to the west. The south limb dips ~ to 1 degree intoI 
the Carrizo uplift and the north limb dips from 10 to 50 N.

at its western extension and about 120 at its eastern mapped
I extremity.

District Habit of Ore Occurrences

II All the known occurrences of SOM-vanadium mineralization
are located in the Salt Wash member of the Morrison formation
and lie from 1 to 95 ft. above the base of this member. In

I the individual localities, the ore horizons may be in the upper
or lower part of this wide zone but as a whole, the deposits
are distributed erratically throughout. The highest strati-

I graphic ore horizons, up to 95 ft. above the base, occur in
~. the southern districts on Cove and Kinusta Mesas.. Northward,

the general stratigraphic horizon decreases to 55 ft. above
the base of the Salt Wash on Sunnyside Mesa, 25 ft. above in

I Saytah Wash, and 0 ft. in the northwest corner of the Sigi Ho
Cho District and Red Mesa Locality of the Eurida (Toh Atin)
District. The two main ore zones are from 10 to 45 ft. above

I the base and 50 to 95 ft. above the base of the Salt Wash
member. The former has been the chief producer of the past
due to its accessibility. The ore zones on Cove and Kinusta

I Mesas, 65 to 85 ft. and 75 to 95 ft., are the most intensely
mineralized of all the localities not yet exploited.

The mineralization appears to have a north to northeast
I trend. The more intensely mineralized occurrences are on Cove

Mesa and on the east side of Lower Saytah Wash. Good minerali-
zation is also found on the west side of Kinusta Mesa and in

I the southwestern portion of Toh Acon Mesa.

The mineralization occurs in irregular flat beds, pods,
or lenses of gray, calcareous vanadiferous sandstone with

II associated 5-37 in or near shale seams containing fossil vegetal
d . 1 " "matter an occaS10na trees.

II
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I ORE DEPOSITS

I History and Production

Little is known concerning the history of these SOM-
I vanadium deposits of the western Carrizo Uplift and Chuska

Mountains Areas prior to the 1940's. Many of the ore outcrops
were probably prospected for high-grade radium ore in the

I .preceding years but the isolation, inaccessibility, and inhos-
pitableness of the areas have been deterrents to the active
prospecting and development of the deposits.

I Wade, Curran and Company of Farmington, New Mexico were
the first mining operators in the areas, their first shipment
of ore having been made in August, 1942. According to the

I records of Metals Reserve Company, the major ore buyer in recent
years, about 2,942 tons of ore containing 2.23% V20s (131,211
lbs. V20S) were shipped from the Martin, Saytah, and Eurida
mines up to February, 1944. From May to October, 1943 Wade,

II Curran and Co. shipped about 47S tons of ore containing 2.S7%
V20S (24,39S lbs. V20S) from the Sunnyside mine on Sunnyside
Mesa.

I.. The Vanadium Corporation of America operated the Rattlesnake
--group, Hogan, and V.C.A. No.8 mines in the northern part of

I Sigi Ho Cho District from February, 1942 to February, 1944.
Metals Reserve Co. records show that about 3,S07 tons of ore
containing 1.86% V20S (130,446 lbs. V20S) were produced.

I It is estimated that about 6,900 tons of ore averaging a
little over 2% V20S have been produced from the areas. The
incomplete figures for the SOQ content of this tonnage indicate

I that the average SOQ grade was about O.lS%.

Mineralization

II The usual deposit is tabular and roughly follows the bedding
planes of the shaly sandstone host rock. The light- to dark-grayI mineralization occurs in or adjacent to carboniferous shale
seams or scattered clay gall zones and frequently fades out
into the host rock without a definite cut-off. The deposits
are usually concentrated near carbonaceous trash piles, in

I shaly diastems, or near the shale seams along the edges of
sandstone scours or lenses. Halo deposits around mineralized
or unmineralized trees are relatively rare. The outcrops are

I usually long and thin, the thickness varying from 0.1 to 8.0
ft. and the lengths of outcrop from 10 to SO times the thick-
ness.',- "I ~'.
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I The stratigraphic horizons at which the ore deposits occur
have been discussed under "Stratigraphy" and summarized under
"District Habit of Ore Occurrences ".

I The predominant ore-bearing material is a gray, vanadiferous

clay of the vanoxite type which usually colors the whole out-
I crop. Secondary in importance are carnotite, tyuyamunite,

pintadoite, pascoite, rossite, and hewettite. The first two
occur as specks, streaks, and stains; the others as efflorescences

I or fracture fillings near the surface outcrop.I 

Description of Occurrences

II Most of the mineralized occurrences of the districts in
these areas have been described or noted in the preliminary

I reports listed in the Introduction. Topographic plans,
profile sections, and detail sketches were submitted with
the preliminary reports and a large areal map, Ariz-cu-cm-S

II showed the location of the occurrences and the early sample
and assay data concerning them. The formal report on the
Eurida (Toh Atin) District describes the few unimportant
scattered occurrences found in that district and no further

I,:;;. reference is made to them.

The old areal map, Ariz-cu-cm-S, has been replaced by newer
I areal geologic maps, Ariz-cu-23 and -24, and in part by Ariz-cu-lS.

The numbering system for the individual occurrences on the old
sheet has been partially revised and supplemented on the new
sheets. Furthermore, the old sample and assay data shown on

I the older sheet have been in part revised, corrected, and
supplemented by more recent assay and sample information. A
cross-reference to the sample and assay data may be found inII the Appendix. Therefore, the old areal map need not be used
in referehce to this summary and supplemental report.

This report has summarized, corrected, and revised all
I the data, old and new, that have been accumulated from the

various field examinations of the SOM-vanadium occurrences in
the Chuska Mountains and western Carrizo Uplift Areas. In

II order to avoid unnecessary repetitions of the descriptions
and in order to correlate and simplify the accumulated infor-
mation, a cross-reference table has been made giving reference
to where the preliminary and/or new data on the individual

I occurrences may be found and giving details of modified or
new descriptive notes.

I These tables are divided into the respective areas, dis-
tricts, and localities and the number or name of the showing,

: outcrop, or mine is the same as designated on the accompanying

1-'-';;'/
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I areal maps. The maps or pages listed under "Old Sketch" refer
to map sheets submitted with the preliminary reports or to

I pages in the folder of topographic plans, profile sections,
and detail sketches which was submitted with the preliminary
reports. The "New Figure" refers to the sheets or figuresII submitted with this report which supplement or replace the
older sketches. Under "Old Descrip." will be found reference
to where the old descriptions of the individual occurrence
may be found in the preliminary reports. Where noted "On Map ",I the old description is to be found on the map sheet or page
listed under "Old Sketch"; where noted, Prelim. Rpt., the
following number refers to the particular report in which thisI occurrence is described, as designated in the Introduction
and repeated belo\v in reference to districts and localities.
Under notes, the status of the description data is summarized
in capital letters. Thus, REVISED means that the preliminary

I data have been replaced in part or entirely by new data;
UNCHANGED means that the old data have not been revised; and
NEW means that the data are of recent date and have not been

I previously reported.

Not all of the old sample and assay data, i.e., taken
during the fall of 1943 and up through the spring of 1944,

I are posted on the newer maps. In most cases these can only
be found posted on the old areal map, Ariz-cu-cm-5. Only those"".-'
older samples having a pertinent value to this summary and

I supplemental report have been reposted. All the new sample
and assay data have been posted. It must be noted in respect
to the older assays that the SOQ values shown on the older maps
were assayed by Burlingame and that newer and more reliable

I SOQ assays by Tonawanda on the same pulps have replaced those
older values. As mentioned previously, a complete reference
to sample and assay data can be found in the Appendix.

I .9,.HUSKA MOUNTAINS AREA

Cove District

.I ~~~::iminary report by A. H. Coleman, "Description of
Ore Outcrops on Cove Mesa and Two Small Mesas South of Cove

I Mesa, Apache County, Arizona" (No.4) and the two large sheets
of detail sketches, Ariz-cm-2 and -3, have been previously
submitted.

II The present report on this district includes a revised
areal geology map, Ariz-cm-1, and new detail sketches and
maps, Figure Nos. 3 to 12 inclusive. The two small mesas to

I the south of Cove Mesa, although shown on the revised areal
map, were not re-examined and the description of their ore
occurrences remains unchanged from the preliminary report.

I~'
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I
Revised descriptive notes are given for 3 of the showings.

I These and other revisions, corrections, or changes are noted on
the cross-reference table for this district. No attempt has
been made to correct the detail sketches appearing on the old

I sheets, Ariz-cm-2 and -3, but important corrections or sup-
plemental notes are given under "Notes" in the table.

~exican Cry Mesa District

I The preliminary report, "Mexican Cry Mesa" by A. H. Coleman,
has been submitted and the ore occurrences described in this
report have not been changed. No further mention of this'dis-

I trict will be made in this report and its position and showings
only appear on the old areal map, Ariz-cu-cm-S.

CARRIZO UPLIFT AREA

I ;inusta District

The preliminary reports, "Kinusta Mesa (Showings 1-14)"
I (No.2) and "Kinusta, Toh Acon and Eurida Districts" (No.1),

by E. H. Eakland, Jr. et al and accompanying profile sections
and detail sketches on pages 1 to 12 inclusive of the map

I folder have been previously submitted.

To accompany this report of the district, two new sheets,
Ariz-cu-2S (Kinusta Mesa, Plot E) and Ariz-cu-26 (Kinusta Mesa,I Detail Sketches of Outcrops) have been made. Many of the old
small sketches have been revised in the new Figure Nos. 13 to

:; 23 inclusive and revised descriptive notes have been made for

showings K-16, -16A. These and other changes are noted in the
II cross-reference table for this district.

Toh Acon District

I The preliminary report "Kinusta, Toh Acon and Eurida Dis-
tricts" (No.1) by E. H. Eakland, Jr. et aI, describes outcrops
A-I thru A-7. Their location was shown on the old areal map,

I Ariz-cu-cm-S. Additional notes were taken by Party No.3 in the
Spring of 1944 and are presented here for the first time.

To accompany this report on the district, an areal geologic
I map, Ariz-cu-lS, has been made. The older descriptions remain

unchanged and the new additional descriptions are given in the
notes in the cross-reference table for this district.

I _Sigi Ho Cho District

_~igi Ho Cho Mesa Locality: A preliminary report, "Sigi Ho
Cho, Altar, Friday, and Eurida Mesas" (No.3) by F. X. Corbett,

I and the accompanying topographic plans, profile sections and detail
sketches on pages 14 thru 47 in the old map folder have been
previously submitted.

I To accompany the present report on this locality, a new
areal map, Ariz-cu-27, showing the Union llines Development Corp.

,;; leased plots B, C, and D has been added. One new figure, No. 24,
."c,..I ~"
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II of Outcrop No. 8A probably replaces the older designated Outcrop
No.9. All other descriptions and sketches remain unchanged.

I Reference is made to the source of the information in the table
of ore occurrences for this locality.

Friday Mesa Locality: The preliminary report (No.3) byI by F. X. Corbett. mentioned above. and pages 56 through 60 of the! 
old map folder describe the three ore occurrences in this local-
ity. There are no changes or additional data as shown in the
cross-reference table for this locality.

I _Sunnyside Mesa Locality: The preliminary report (No.3)
by F. X. Corbett, mentioned above. covered the 3 outcrops and
the Sunnyside mine in this locality. Plans, sections, and

I sketches were shown on pages 48 thru 55 in the old map folder.
The outcrop descriptions and sketches are unchanged but the
data on the Sunnyside mine have been revised as shown in the

I cross-reference table for this locality.

_Eurida Mesa Locality: F. X. Corbett's preliminary report
(No.3) and the sketches. etc. on pages 61 thru 65 in the old

I map folder described the ore occurrences in this locality.
These remain unchanged in this report as shown in the table
for this locality. .

l Eurida Mesa Locality: The preliminary report by F. X.
...Corbett (l~o. 3) and the sketches, etc. on pages 66 thru 88

in the old map folder describe most of the ore occurrences
II and mines of this locality.

To accompany this report. a new areal map. Ariz-cu-28.
showing the location of the old claims and the new Union Mines

I Development Corp. leased plot. has been made. New Figure Nos.
26 thru 31 have been drawn to revise the older descriptions
and sketches and to show one new occurrence. the VCA pits

I at the east end of Eurida Mesa. A revised description of the
Eurida mine has also been noted. These changes and additions -
are shown on the cross-reference table for this locality.

I ~orth and South Saytah Canyon Localities_~ The preliminary
report. "Kinusta. Toh Acon and Eurida Districts'! (No.1) by
E. H. Eakland. Jr. et al and the sketches on page 13 of the

I old map folder have been previously submitted.

The new Figure Nos. 32. 33. and 34 have revised some of
the earlier maps. sketches. and descriptions and the areal

I map. Fig. No. 35. shows the localities in more detail. The
changes and additions are shown on the cross-reference table
for this locality.

I .Carrizo Mountains Locality: The description of the ore
occurrences in this locality has not been previously submitted

:.
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II although the examination was made by Party No.3 in the Spring
of 1944. The notes on the two occurrences found are given

II in the table for this locality.

About 4500 ft. of Morrison Salt \vash member outcrops high
on the west flank of the Carrizo Mountains. The beds strike

I about N. 450 E. and dip 140 to 160 NW. About 75 ft. of theI 
total thickness of the member is exposed, overlying the red-, 
brown and orange silty sandstone of the San Rafael group and

I overlain by the sandstone and shale of the upper r10rrison
formation. The latter has been intruded by the Carrizo intru-
sives. To the east, the Salt Wash is covered by talus andI between this locality and the Saytah Canyon localities, the
Salt Wash is covered by the gravels of an old land surface.
The locality is in part accessible by an unimproved dirt road
but the mineralization in it is, at present, economically

I unimportant.

Martin Mesa Locality: In the preliminary report, "Kinusta,
I Toh Acon and Eurida Districts" (No.1) by E. H. Eakland, Jr.,

et aI, the ore occurrences of this locality were described.

In the present report, Figure Nos. 36 thru 40 revise some
L of the older descriptions and new descriptions were written

,,' for the Saytah, North :Martin and Hogan mines and for the }1artin
mine. These changes and notes are shown on the table for this

I locality.

North Carrizo Locality: The descriptions of the ore occur-
rences in this locality have not been previously reported althoughI the preliminary field work was done by Party No.3 in the Spring
of 1944. This earlier work has been checked and supplemented
during the more recent field examination. An areal map of theI Rattlesnake group, Ariz-cu-29 , and a sheet of detail sketches
of the occurrences in the Rattlesnake group, Ariz-cu-30, have
been made. Figure Nos. 37 and 41 thru 47 show the details of

I some of the other mines and ore occurrences. Descriptive notes
have also been made of all occurrences and mines. These data
are all shown on the cross-reference table for this locality.

I The mineralization in the North Carrizo Locality is very
extensive with upwards of 100 separate outcrops found. The
Vanadium Corp. of America holds 8 claims in this locality and
has opened up most of the promising showings. The main out-

I crops have an estimated grade of about 2% V205 but most showings
tend to pinch in width and decline in grade very rapidly when
followed inward from their outcrops.

II The Rattlesnake group lies on the north limb of an asym-
.metrical anticline and the northernmost deposits are buried

II ';~,::' under valley alluvium. The ore horizon beds have an average

I
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I dip of about 70 N. 200 E. and lie stratigraphically from 10 to
16 ft. above the base of the Salt Wash member.

II CONDITIONS AFFECTING MINING

I Legal Conditions

Mining rights and operations on a U. S. Indian Reservation
I are subject to different laws and rules than those in force

for ordinary open mining land. Some of these regulations are
noted below.

I All mineral resources on the Navajo Indian Reservation
are owned, theoretically, by the Navajo Indians. Mining rights
may be acquired from the U. S. Indian Service, Department of

I the Interior, which administers the business affairs of the
Indians.

Before any leases may be acquired, the expectant lessee
I must designate for the information of the U. S. Indian Service

an area which he desires to prospect for mineral values.
Thereupon, the Indian Service puts the designated area up for

I public auction and all interested persons are invited to bid
on the lease. The highest bidder acquires the prospecting'-' lease and is given a stated time, usually 6 to 12 months, in

I which to prospect the lease and to designate that portion of
the lease which he desires to acquire.

Surveys of the desired portion of the lease must be sub-
I mitted to the U. S. Indian Service for the approval of the

Department of the Interior. Providing that the Department of
the Interior gives its approval, the lessee holds the mineralI rights to the land, subject to numerous conditions. A complete
set of the conditions may be obtained from the U. S. Indian
Service and only a few are outlined here.

I The lessee must use Indian labor in all unskilled jobs,
including truck-driving, mining, and mucking. He must pay an
annual advance rental which is considered as an advance royalty

I payment and which may be deducted from the royalties due on
the ore mined. The monthly royalties are based on the value
of the products produced. Any ore must be milled on the
Reservation except by special permission of the Secretary of

I the Interior. Within a year of the approval of the lease, the
lessee must have expended a set sum of money in the development
of the lease and must continue development and operation in an

I orderly fashion thereafter. Mining operations cannot be sus-
pended without the cancellation of the lease except with permission

."C .I '" .
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II of the Secretary of the Interior nor can the lease be assigned
or sold without his approval.

II Physical Conditions

I Topography is an important factor in the mining of the
SaM-vanadium deposits in these areas. In most cases, the
mineralization outcrops on the top or part way up the cliffsI of the mesas. Wooden chutes or aerial trams may be used for
the transport of mined ore to storage bins or trucks. Wade,
Curran and Co. successfully employed a "jig-back'! aerial tram

II for this purpose. Hoisting could be accomplished through raises
or outside inclines if economically practical. The rugged
terrain hinders the building of roads with easy grades and
good surfaces. Traffic at present follows circuitous routesI
on rough dirt roads, often with steep grades) through sand
dunes, across bare rock surfaces, across unbridged washes and
along watercourses dotted with quicksand traps. The mud fromII
winter snows halts heavy traffic and the flooding of the washes
by summer thundershowers impedes all travel. Under the best
conditions, ore trucks make only lor 2 miles per hour in the
more remote areas and truckers charge $0.06 per ton-mile for.
loads of 6 tons on 1~2-ton trucks from the districts to Farmington,

::. New Me}"ico. Most of the unmined outcrops have no access roads
at present and any new developments would require many milesII 
of new roads over tortuous country.

Only a small amount of timber is required in this type of
mining. Sawed timber may be obtained in Farmington, New Mexico,I
while suitable small props are available in the fo~ of local
vegetation in the higher portions of the area. Live trees
can be cut only with the permission of the U. S. Indian Service.II 

Water for mining operations has to be hauled in tanks or
barrels direct to the working site. Limited supplies can be
obtained from the local springs or intermittent streams andII 
domestic water may also be obtained at the springs or hauled

..from Farmington. During the summer season, one gallon of water
per day, exclusive of cooking requirements, is required perI 
laborer.

Unskilled labor must be recruited from the local Indians.
The Navajo Indian does good work if well directed. An EnglishI
speaking native "strawboss" and as many English speaking Navajos
as possible facilitate operations. At least one Navajo speaking
white man is quite desirable.II 

Mining is best carried out with water-lined jack hammers
'- supported by jack legs. Stoping by side-swiping to the drift

','18 
~,~II
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II entries is common practice. Tramming is best accomplished with
small tram cars or wheelbarrows. The latter are more practical

II due to the small size and usual irregular floors of most mines.

Geologic Conditions

II Because the ore occurs in a roughly horizontal, tabular
form, it can be best mined by a modified room-and-pillar method.

I Only small pillars are usually needed because the rock in the
backs of the stopes holds up well even over unsupported distances
of 50 to 60 ft. Where the stope backs tend to spall, closer-I spaced pillars or occasional stulls may be needed.

Where there is a thickness of overlying sediments, the
deposits are usually opened up by drift entries but the shallowerI
deposits may be exploited by open pits. Deposits of inter-
mediate depth may be opened up by means of inclined shafts.
All workings are usually driven so that the back will be inII
sol~d sandstone and still remain low enough so that the entire
thicknes~ of ore may be extracted. Usually only the ore is
mined but occasionally in banded ore a whole face has to be
broken and later the "muck" is hand sorted. Where very high-II 
grade ore is present, as in deposits of mineralized trees,~.. 
this high-grade ore may be separated from the mill run ore.
Material below the cut-off grade is only occasionally stockpiled.I
Selective extraction may be employed where the ore or waste
will break cleanly from one another. Practically all the ore
and host rock can be easily drilled and breaks with a moderateII 
number of holes and slow-burning, medium-strength powder.I 

ORE RESERVES

are reserves have been calculated for the Cove, K~nusta,
Toh Acon, and Sigi Ho Cho Districts. These reserves are shownI
in Table A, the tonnages being classified by degree of certainty
and by grade for each locality and/or district. Table B gives
the corresponding percents V205 for the tonnage figures shownI 
in Table A.I

Methods of Calculation

The ore reserves are divided into three classes based on
their degree of certainty and three grades based on the con-II 
tained percentage SOQ.
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II Ore reserves are classified as positive ore when only a
small amount of inference is needed to delimit their spatial

I outline and when their recovery can be assured with a high
degree of certainty. The outline of the individual positive
ore block is, in a large measure, controlled by exposures and
limited inward from the exposures to reasonably projected

I distances, i.e., 10 to 20 ft. depending on the number, length
and character of the exposures.

I Ore reserves are classified as indicated ore when a moderate
amount of inference is required to delimit its spatial outline
and when there is only a moderate degree of certainty of its
recovery. The dimensions of the individual indicated blocksI are defined by projections from ore exposures and/or positive
ore blocks for distances governed by measurable and inferable
factors. The measurable factors are the same as those used

I for positive ore blocks; the inferable factors are conservative
geologic assumptions based on field examination.II

Ore reserves are classified as inferred ore when a large
amount of inference is required to delimit its spatial outline
and when there is a relatively low degree of certainty of its
recovery. The dimensions of the individual inferred ore blocks'..are 

defi~ed by.geo~ogic concepts of the continuity and extent~' 
of the m1neral1zat1on as deduced from the ore exposures.,,' Measurable factors have a minor and limited control.II 

The inferred blocks, as compared to positive and indicated
blocks, can seldom be delimited to enc~osed volumes estimatedII
to be equally mineralized throughout. There is insufficient

knowledge to permit further limitation of the blocks to more

favorable portions. In order to express the percentage of
inferred blocks that may reasonably be expected to be mineralized,I
mineralization factors are deduced and applied to the volumes.
These mineralization factors are deduced by using essentially
the same observations as are used for the delimitation of theI
inferred blocks. In the present report, the mineralization
factor is a rough estimate based on either the ratio of linear
mineralized outcrop to the total outcrop or the ratio of
mineralized area to the total inferred block area.II 

The ore reserves are also divided into three grades depend-
ing on the SOQ content. Grade 1 is ore containing 0.15% orI
more SOQ; Grade 2,0.08% to 0.15% SOQ; and Grade 3,0.005%
to 0.08% SOQ.

The calculation tables and sheets and the summary tablesI
are in general self-explanatory. 0 These tables and sheets are
enclosed in a separate folder with a cross-reference index.

.Positive ore blocks are numbered in sequence for each mine or
I «t'o:: outcrop with Arabic numerals, and are shown on the maps and(I

0
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II figures in red. Indicated ore blocks are numbered in sequence
for each mine or outcrop with Roman numerals and are colored

I blue on the maps and figures. Inferred ore blocks are lettered
in sequence by locality or district with capital letters and
are outlined in yellow on the maps or figures.

I The areas of the ore blocks were measured by planimeter
or by scaling. The average widths (thicknesses) of the blocks
were determined from field observations, lengths of channel

I sample cuts and from geologic projections. The volume of the
block is the product of the area times the average width. The
volume times the mineralization factor and divided by the tonnage

II factor, 14 cu. ft. per ton, gives the tons of ore in the block.
The latter figure is calculated to the nearest ton and then
rounded to the nearest 10 tons. Where several small blocks
occur in a single mine or outcrop and where the same assay dataI
are applied to all the small blocks, their tonnages are summed
to produce one total block for that mine or outcrop.II

The sample and assay data applicable to a block is weighted
by sample widths to give the grade of the block. The pounds
of contained products were calculated to the nearest pound from
these weighted grades. In the summary tables, the pounds of", 
contained products are converted to tons and the electroscopic

~- and chemical tons SOQ are averaged to give a final SOQ tonnage
figure.II 

All the newer assays and some of the older assays which
were pertinent to the needs of the present report are shown
on the maps and figures in the following order: Field No.-I
Sample width (ft.) -Chemical %SOQ -Chemical %V20s. The
Office No. is placed below the Field No. and the Electroscopic
%SOQ is placed under the Chemical %SOQ. Letter abbreviationsI
following the assays indicate the following sources of analysis:
B indicates the Burlingame Laboratory in Denver, Colorado;
T indicates the Tonawanda Laboratory at Tonawanda, New York;
R indicates the U. S. Vanadium Corp. Laboratory at Rifle, Colo;I
E indicates the electroscope analysis in the Union Mines Develop-
ment Corp. office in Grand Junction; and G, the Geiger-Mueller
counter analysis on the Michele in the same Grand Junction office.II 

Individual DepositsI 

CRUSKA MOUNTAINS AREA

Cove District

I -Cove Mesa Locality (see Ariz-cm-1): The ore exposures on
:"'" the mesa did not warrant positive or indicated ore blocks.

18'
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1 Outcrops S-44 and S-48 were slightly developed but no lateral
extent of mineralization normal to the outcrop could be proven.

1 Four blocks of inferred ore, A, B, C, and D, have been calculated.
These inferred blocks include the only intensely mineralized
portions of the exposed rim of the mesa and what is believed
to be their probable projection. Several outcrops within the

1 delimited areas were excluded in the calculations because they
are too far removed, stratigraphically, from the ore zone common
to the majority of the outcrops. The certainty of this tonnage

I can only be determined by exploration.

CARRIZO UPLIFT AREA

1 ~inusta District

Kinusta Mesa Locality (see Ariz-cu-25): The ore exposures
1 on this mesa did not warrant positive or indicated ore blocks.

Three blocks of inferred ore, A, B, and C, have been calculated
on the same basis as on Cove Mesa. Isolated and weakly mineral-
ized outcrops were not included. Samples 223, 224, 225, and

1 226 were not used in calculating Block B because their electros-
copic SOQ values were lacking. The mineralization in these
blocks is lower grade, weaker and more dispersed than that

1 on Cove Mesa.
,--,. Toh Acon District

1 Toh Acon Mesa Locality: (see Ariz-cu-15): No positive or
indicated ore blocks were warranted. One block of inferred
ore, A, has been calculated on the most intensively mineralized

1 part as deduced from the outcrop exposures. The other ore
occurrences are too scattered to control ore blocks.

1 Sigi Ho Cho District

Sigi Ho Cho Mesa Locality (see Ariz-cu-27): No positive
or indicated ore blocks were warranted. Three inferred ore

1 blocks, A, B, and C, have been calculated. The largest block,
A, included 11 dispersed and moderately mineralized outcrops.
The other 2 small blocks would scarcely warrant calculation

1 except that the outcrops governing them do show better mineral-
ization than others on this mesa.

Sunnyside Mesa Locality: The Sunnyside mine (Fig. No. 25)
I was believed by the operators to be stripped of all economic

ore at the time they ceased mining in the fall of 1943. However,
a small tonnage of positive ore still remains in the pillars

I and a larger tonnage of indicated ore lies around the periphery
of the workings. The other ore occurrences are too weak and

--spotty to warrant the calculation of an inferred ore block.
(;1 ',--

1
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1 Eurida Mesa Locality: The Eurida mine (Fig. No. 26)
has several adits exposing good mineralization but the geological

1 observations did not indicate any possible projection of the
ore beyond the boundaries of the positive block.

The Eurida Mine. East Workings (Fig. No. 27) have 3 short
1 ,adits exposing mineralization but the continuity of the ore

between them cannot be assumed. Small blocks of indicated
ore were calculated about the two adits which show the most

1 consistent mineralization.

The Eurida No.2 Claim (Fig. No. 29) has intermittently
1 mineralized outcrops unexplored in depth. Four small indicated

blocks have been calculated on the more intensely mineralized

outcrops.

1 Because of the widely scattered. weakly mineralized outcrops
on Eurida Mesa. no inferred ore block was warranted.

Saytah Canyon Locality (see Fig. 35): The CBW-MC Mine
1 (r'ig. No. 32) was considered to have been stripped of economic

ore by the operators at the time they ceased mining in
February. 1944. However. a small tonnage of positive ore~' remains in pillars and a larger tonnage of indicated ore

:;: lies to the east and west of the workings.
-,-

1 Two blocks of inferred ore. C and D. have been calculated
in Saytah Canyon. None of the individual outcrops. other than
the CBW-MC mine. showed mineralization sufficient to warrant
positive or indicated blocks. The inferred blocks include

1 the most intensely mineralized portions of the exposed rim and
their projections are based on geologic deductions.

1 Carrizo Mountains Locality: The mineralization in this
locality is relatively localized and comparatively weak. The
obscured size and shape of the Salt Wash block limits any
ore projections. Thus no ore was calculated in this locality.

1 Martin Mesa and North Carrizo Localities (see Ariz-cu-24):
The Hogan Mine (Fig. No. 36) has one block of indicated ore

1 around the only adit that shows consistent mineralization.

The Martin Mine (Fig. No. 39) has 9 small pillars of
I positive ore and 4 indicated blocks where the mineralization

appeared to be comparatively uniform and continuous.

The Saytah Mine (Fig. No. 40) has 3 small indicated ore
1 blocks around the mineralization localized in halos by tree

pockets.'

I (;: ~,
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I The VCA No.8 Mine (Fig. No. 42) has 5 positive ore blocks
occurring in pillars in the mine. Four indicated blocks were

1 calc~lated around the workings where the mineralization was

cont1nuous.

Mine No.5 (Fig. No. 44) has 2 small blocks of indicated
I ore around tree mineralization.

,.. Rattlesnake Group (Ariz-cu-30) has all classes of blocks
~ I around the various workings which occur in the same general

ore horizon. The 10 small blocks of positive ore occur in the'. form of mine pillars. The 10 blocks of indicated ore are

projections of the mineralization from the workings or between1 several closely adjacent workings. The areal extent of the
~ latter blocks is considered conservative and would probably
.be greatly increased if drill hole data were available.

I A large inferred block has been calculated to include the
area of all the workings in this group. The volume of this

' I ' block is the product of the average width of all the positive

and indicated blocks times the net inferred area, i.e., the
! whole area minus the barren area and the explored areas.

II The Mine RC-5 (Fig. No. 46) has 2 small pillars of positive
~'.. ore and 2 b:ocks of indicated ore on the north and south sides

of the work1ngs.

1 The Mine RC-7 (Fig. No. 47), the mineralization occurs in
k intermittent and lenticular ore seams and thus only 5 small

indicated ore blocks in the more intensely mineralized zones
1 can be calculated.

A very large inferred ore block, B, has been calculatedI in the Martin Mesa and North Carrizo Localities. The area
; included in the block includes all the workings and mineralized
\ outcrops except for those covered by inferred block A. The

mineralization is weak, spotty, and dispersed, especially to
I the west of Lower Saytah Wash but the large number of ore

occurrences found justify its calculation.

,; I EXPLORATION

I Methods

, The two methods of exploration of this type of deposit

I that are considered to be most feasible are underground drift-
ing and surface diamond drilling. The first method is better

,-
, .rc:"c
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for following ore or ore horizons in deposits partially mined
or developed, or in exploring from outcrops where the overburden

l is extremely thick or contains formations hazardous to diamond
drilling. In the districts covered in this report, the cover
rock over the ore horizons is usually relatively thin and
easily drilled. Thus diamond drilling, with core and sludge

I recoveries, is well suited for the exploration of the larger
ore blocks. Exploratory drilling should be followed by
development drilling to delineate the mineralized areas.

I On the Cove, Kinusta, Sigi Ho Cho, and Saytah Canyon
Mesas, any kind of exploration would be hampered by the lack
of roads or other access to the top of those mesas. In the

I Toh Acon and Martin Mesas and North Carrizo Localities, some
roads to the top of the mesas are already present but others
would be required for any extensive drilling program. The

1 transportation of supplies, equipment, and water would present
difficult problems.

I A summary of the estimated required exploration is given
in the appendix and details are given below.

IL\ Exploration of Individual Deposits or Areas

~HUSKA MOUNTAINS AREA

I Cove District

Cove Mesa Locality: Diamond drilling is recommended for
1 the inferred blocks in this locality. The preliminary drilling

should be at widely spaced centers of 300 ft. and be followed
by secondary drilling with closer-spaced centers where mineral i-

I zation is disclosed. Using a probability factor similar to
the mineralization factor, a total of 336 holes would be required
with an average depth of 40 ft. Some underground development
on the exposed outcrops would furnish additional information

II for the secondary drilling. The northeast corner of Cove Mesa
is the most suitable location for an access road to the top
of the mesa. There is no road or means of transport of equip-

II ment to the top at present.

CARRIZO UPLIFT AREA

I Kinusta District

Kinusta Mesa Locality: The exploration pattern on this
I mesa would follow a similar procedure as that on Cove Mesa.

In like manner, 449 holes with an average depth of 40.5 ft.
,-'.:' would be required. The most suitable access road would beli t. ':.;.;..:

I
"Hi., ~',
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I across the narrow land bridge connecting Toh Acon and Kinusta
Mesas. The former mesa has a road along its top at present.

I Toh Acon District

Toh Acon Mesa Locality: The same exploration procedure
I would be used on this mesa as on Kinusta and Cove Mesas. About

142 holes having an average depth of 30 ft. would be required.
Access is relatively easy in this locality as a road runs alongI the center of the inferred block and the surrounding terrain
is comparatively flat.

Sigi Ho Cho District

I Sigi Ho Cho Mesa Locality: For Block A on this mesa,

diamond drilling of the westernmost two-thirds at 300 ft. centers
I and a line of holes along the east rim to the north is recom-

mended. The northern portion of the block is covered by several
hundred feet of sediments and is thus impractical for drilling.
In this northern area around outcrops 1, 2, and 3, about 1000

I ft. of 4 by 6 ft. drifting is recommended. Blocks Band C
could be easily explored by a few carefully placed drill holes.
A total of about 188 holes would be required. Transportation

I of supplies would be extremely difficult and would only be
." feasible by packmules from the poor road in Walker Creek.

I Saytah Canyon Localities: A drilling program similar to
that outlined for Cove and Kinusta Mesas is recommended for
the inferred ore blocks C and D. However, since the cover in
some portions is comparatively great, drifting may be moreI desirable in the more extensively mineralized areas. About
172 holes with an average depth of 115 ft. would be required.
An access road would have to be built from the existing road

I in the canyon.

Martin Mesa and North Carrizo Localities: In the Rattle-
snake group, 35 diamond drill holes with an average depth ofI 20 ft. would suffice to explore the inferred bldck A. A
study of the ore body trends would aid in the location of the
proposed holes

I In inferred block B, diamond drilling at 500 ft. centers
and a series of holes at smaller intervals around the presentI workings and extensively mineralized outcrops is recommended.
About 920 holes with an average depth of 50 ft. would be
required to adequately explore this large area. Several spur
access roads would be needed for the transportation of equip-

I ment and supplies.

"",1.
[c John W. HarshbargerI -:: -

I
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I LIST OF LARGE MAPS TO ACCOMPANY REPORT

I Ariz- !it!e District ~

cu-23 Areal Geology Sigi Ho Cho
I (southern portion)

Kinusta and Cove 1 in. = 2000 ft.

cu-24 Areal Geology Sigi Ho Cho
I (northern portion) 1 in. = 2000 ft.

cu-15 Areal Geology Toh Acon 1 in. = 2000 ft.

II cm-1 11ap of Ore Horizons Cove 1 in. = 500 ft.

I cu-25 Kinusta Mesa, Plot E Kinusta 1 in. = 500 ft.

cu-26 Outcrops 2,14,25,26,27
28 Kinusta 1 in. = 20 ft.

II cu-27 ill1DC Lease Plots B,C,D Sigi Ho Cho 1 in. = 500 ft.;
1 in. = 100 ft.

1,._;..:.; cu-28 Eurida Mesa Sigi Ho Cho 1 in. = 500 ft.

cu-29 Rattlesnake Group Sigi Ho Cho 1 in. = 100 ft.

II cu-20 Rattlesnake Group
Mines 1,2,3, and 4

II Pits A,B,C,D,E,F,G Sigi Ho Cho 1 in. = 40 ft.

cu-cm-5 General map of the area

II '

II

II

I
II
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I APPENDIX NO.1

I Teec Nos Pas Deposits

I The Vanadium Corporation of America holds a leased plot
near the Teec Nos Pas trading post on the north side of the
Carrizo Mountains. This small mineralized locality does not
appear on any of the areal maps but the deposits were visitedI by Party No.3 in the spring of 1944 and a brief description
of the locality and deposits is given here.

I The locality covers a small outlier of the Salt Wash
member of the Morrison formation and is located 14,731 ft.
S. 32019' W. from the Teec Nos Pas trading post. The Salt
Wash outcrop is about 2000 ft. long in a north to south

I direction and about 1000 to 1500 ft. wide. The locality is
accessible by a fair dirt road which leaves the Teec Nos Pas-
Mexican Water road about 2 miles north of the trading post.I The entire area was held under a U. S. Indian Service lease
by the Vanadium Corp. of America, who was working the property
at the time of the investigation.

I The mineralization consists of 4 main outcrops having a
total exposed length of 206 ft. of 1% to 2% V20S ore. Carno-
tite is present in small amounts in all the outcrops. TheL " following not:s describe the outcrops which are shown on the

:;:" sketch map, Fl.gure No. 48.

I TNP-l: The largest outcrop of the group, 60 ft.
long but partly covered with talus. Average thickness is about
2 ft. Exposed for depth of 20 ft. Ore occurs in steeply
cross-bedded, light-brown, friable sandstone. 40 ft. to

I south there are 2 spots of similar ore, totalling 20 ft. in
length with an average thickness of 1 ft. Estimated grade
is 1% to 1.5% V20S'

I TNP-2: A 48-ft. outcrop with average thickness of
0.5 ft. and maximum thickness of 1.5 ft. Estimated grade
about 1% V20S'

I TNP-3: a 12-ft. outcrop with an average thickness
of 1 ft. Estimated grade about 2% to 3% V20S. Working in

I development stage.

TNP-4: a 61-ft. outcrop on thin streaks having an
average thickness of 0.2 to 0.3 ft. but with local swells to

I 0.8 ft. Estimated grade is about 1% V20S.

About 20 ft. to the south there is a S-ft. long outcrop
I of average 1.S-ft. width and estimated grade of 2% V20S.

f:"I \'.;:~,

I
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I APPENDIX NO.3

I Exploration Summary
No. of Avg.Depth Cost Total

I District .!:ocality ~lock Holes in Ft. Total Ft. ~~ Cost

Cove Cove Mesa A 48 40 1,920 $2.00 $ 3,840
I B 166 40 6,640 2.00 13,280

C 26 40 1,040 2.00 2,080
D 96 40 3,840 2.00 7,680-

I TOTAL DRILLING 336 40 13,440 2.00 26,880

Kinusta Kinusta A 35 30 1,050 2.00 2,100
I Mesa B 149 35 5,215 2.00 10,430

C 265 45 11,925 2.00 23,850

TOTAL DRILLING 449 40.5 18,190 2.00 36,380

I Toh Acon Toh Acon
Mesa A 142 30 4,260 2.00 8,520

II Sigi Ho Sigi Ho Cho A 176 70 12,320 2.00 24,640
Cho Mesa B 4 45 180 2.00 360

.C 8 70 560 2.00 1,120-

I TOTAL DRILLING 188 69.5 13,060 2.00 26,120
~- Plus 1000 ft. of 4 x 6 ft. drifting 6.00 6,000

TOTAL DRILLING AND DRIFTING 32,120

I Sigi Ho Saytah C 120 130 15,600 2.00 31,200
Cho Canyon D 52 80 4,160 2.00 8,320! 

I TOTAL DRILLING 172 114.9 19,760 2.00 39,520

Sigi Ho Martin Mesa A 35 20 700 2.00 1,400
Cho N. Carrizo B 920 50 46,000 2.0092,000

II TOTAL DRILLING 955 48.9 46,700 2.00 93,400

I GRAND TOTAL DRILLING 2,242 51.5 115,410 2.00 230,820
GRAND TOTAL DRIFTING -1,000 ft. 6,000, ~

GRAND TOTAL 236,820

II

I
II

II

II
-
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I Supplemental and Summary Report on
Western Carrizo Uplift and Chuska Mountains Areas of

.-'j Northern Nava J'o Indian Reservation, ArizonaI --'

1 TABLE OF CONTENTS

..ORE CALCULATION TABLES

I Table A (repeated) Summary Tabulation of Tonnage Estimates
Based on SOQ Grades

I Table B (repeated) Summary Tabulation of Weighted %V205
Grades Corresponding to Tonnages Shown in Table A.

I ~ fi!1~ Locality \;Jorking Block

Sigi Ho Cho District1 I 1 Sunnyside Mesa Sunnyside Mine 1-10
1 Eurida r1esa Eurida Mine 1-3
2 South Saytah Canyon CB\;J-MC Mine 1
2 Martin Mesa Martin Mine 1-9I 3 North Carrizo VCA 118 Mine 1-5
3 North Carrizo Mine 112 1
3 North Carrizo Mine 114 1

1 4 North Carrizo Incline Mine 1-8
4 North Carrizo Mine RC 5 -1,2

II 1 Sunnyside Mesa Sunnyside Mine I,ll
I 1 Eurida Mesa Eurida, E. Workings I,ll

2 Eurida Mesa Eurida 112 Claim I-IV
2 South Saytah Canyon CBW-MC Mine I,ll
2 ~lartin Mesa Hogan Mine I1 3 Martin Mesa Martin }line I-IV
3 Martin Mesa Saytah Mine I-III
3 North Carrizo VCA 118 }1ine I-IV1 4 North Carrizo r-1ine No.1 III
4 North Carrizo Mine No.2 I,ll
4 North Carrizo Incline Mine IV

I .4 North Carrizo Mine No.3 V
.4 North Carrizo Pit B VI-VIII

5 North Carrizo Mine No.4 IX
.5 North Carrizo Pit C X

1 5 North Carrizo Mine RC 5 I,ll
5 North Carrizo Mine RC 7 I-V
5 North Carrizo Mine tl5 I,ll

I Cove District

I III 1 Cove Mesa ---A
2 Cove Mesa ---B
3 Cove Mesa ---C
3 Cove Mesa ---D

1--.'

I
,', L 'I. liui"",jj;I",tillil',",liiiJ"",
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I ii
Table of Contents -contd.
Ore Calculation Tables

I 1'~ Sheet Locality Working ~

I Kinusta District

III 4 Kinusta Mesa ---A
I 5 Kinusta Mesa ---B

6 Kinusta Mesa ---C

Toh Acon District

I 7 Toh Acon Mes~-~~- A

I Sigi Ho Cho District

8 Sigi Ho Cho Mesa ---A
I 8 Sigi Ho Cho Mesa ---B

8 Sigi Ho Cho Mesa ---C
9 South Saytah Canyon ---C
9 South Saytah Canyon ---D

II 10 North Carrizo ---A
11,12 Martin Mesas, N. Carrizo ---B

IV 1 Summary, Positive Ore
II. VI, 2 Summary, Indicated Ore

All Districts

II VI 1,2 Summary, Inferred Ore
VIII Summary of All Classes by Districts and Grades

I
I
1
I

I

I
1: 

I""""

I
,;""", ..., ,"c" ,"",] 'j~~'[:fi



I
0 

0 
0 

0 
0 

0 
0 

0 
0 

ooo
~

0 
C

/) 
1f) 

1f) 
00 

.-I 
N

 
.-I 

N
 

\0 
\,0 

00.;rC
'") 

1f)

M
 

N
 

C
'") 

C
'") 

1f).;r 
0'\ 

\0 
~

 
.;r 

r 
O

'\N
 

~
~

 
~

 
..~

.. 
~

.-.~
 

r 
.-I 

r 
N

 
00 

C
'") 

\0 
0 

0000 
~

l
.;r 

0 
\0 

.-I 
~

 
r 

1f) 
.;r 

N
 

.;r.-l.;r 
0'\

.;r 
E

-I 
.-I 

.-I 
""'N

 
C

'")

I

~
 

]
1

~
 

C
'") 

0 
0 

0 
00 

0
0. 

1f) 
0 

1f) 
\0 

\0 
r 

Q
J 

Q
J 

N
 

I 
I 

00 
I 

0 
I 

~
.;r 

.;r

~
 

-C
 

~
 

I 
I 

~
 

I 
~

 
I 

~
 

~
 

~
I

IU
 

r 
I 

I 
.;r 

I 
N

 
I 

\0 
0 

0'\
~

 
\0 

r 
;r 

N
 

M
O

~
 

.-I 
N

1f)r 
Q

J 
~

~
N

 
0 

0 
0 

0 
0 

C
'")

0 
.-I 

~
 

O
.;r 

.;r 
0'\ 

C
/)

I
Q

J 
I 

I 
I 

.;r 
C

'") 
00.;r 

I 
I 

N
 

C
'") 

Q
J

-C
O

O
 

I 
I 

I 
~

 
~

 
~

 
~

 
I 

I 
..-C

~
 

Q
JIU

 
I 

I 
IN

 
0 

N
.;r 

I 
I 

r 
I 

IU
0 

~
~

 
.-100 

0'\"'" 
0 

~
-r-I 

~
~

 
.-I 

.tIC
~

 
Q

J 
~

cn 
IU

 
~

 
~

 
-C

I
~

 
>

~
 

0 
0 

0 
0 

H
 

~
~

 
H

 
\0 

\0 
00 

.;r 
IU

Q
JQ

J 
I 

I 
I 

I 
00 

00 
I 

10M
~

C
/)C

/) 
-C

 
I 

I 
I 

I 
~

 
I 

I 
~

 
IU

 
C

/)
~

~
Q

J 
IU

 
I 

I 
I 

I 
r 

r 
~

 
I 

I 
r 

~
 

Q
J

U
~

 
~

 
C

'").;r 
0 

0.
I

0' 
0,-1 

~
 

E
-4 

>
-

0 
~

 
~

 
~

cn~
1U1/)-r-I 

M
Z

-r-I-C
 

M
O

A
~

 
IU

H
M

O
 

0 
0

1
0 

0
A

O
 

.-I 
r 

1f) 
C

'") 
C

'") 
~

I
~

..c:.0 
Q

J 
I 

l.;r 
N

 
r 

I 
I 

I 
r 

~
cnU

""""", 
-C

 
I 

I
I

I 
I 

I 
<

<
 

IU
 

I/) 
IU

 
I 

I 
I 

I 
I 

f-j
~

O
>

 
~

 
~

 
0

~
IU

 
0 

'-J 
E

-I
cn 

Z
 

~
 

Q
J 

0
I

~
-r-I 

~
 

00 
A

E
-I 

00 
~

 
~

 
0 

N
' 

0 
0 

0 
I 

0 
0 

1f) 
Z

or-Il/) 
~

 
-.1" 

~
 

1f) 
00 

00 
~

~
cnlU

 
0 

-C
Q

J 
I 

N
 

I 
0'\ 

N
 

I 
I 

I 
N

 
-.1" 

~
H

 
Q

J..c:. 
Q

J"o 
I 

I 
~

 
~

 
I 

I 
I 

~
 

~
E

-I-c 
~

 
I/) 

~
 

IU
 

I 
1.-1 

N
 

I 
I 

I 
N

 
I

I
<

 
cn~

<
 

C
d~

~
IU

 
~

 
U

~
 

.
Q

J 
~

 
0,-1 

-r-I 
-C

M
 

~
 

~
~

 
-C

 
~

.a 
~

 
~

o,-l 
C

/) 
~

 
0 

0 
0 

0 
H

IU
 

<
O

M
 

Q
J 

H
 

00 
0'\ 

r 
r 

E
-4 

Z
 

U
 

0. 
~

 
Q

J 
I 

I 
l.;r 

1f) 
I 

I 
I 

L~
 

M

I
Z

<
:::J;j 

"0 
I 

I 
I 

~
 

~
 

I 
I 

I 
~

 
IU

 
0 

tIC
 

IU
 

I 
I 

1.-1 
.-I 

I 
I 

1.-1 
~

E
-I..c:. 

0 
0,-1 

~
 

0
0t-J 

~
 

~
 

E
-I

rLlE
-I-r-I

0 
~

 
M

~
~

 
M

I
Z

IU
~

 
<

O
~

U
 

'-' 
C

'") 
0 

0 
0

H
I/) 

C
'") 

C
'") 

C
'")

E
-4;j-C

 
Q

J 
I 

I 
I 

I 
I 

I 
I

<
~

~
 

"0 
I 

I 
I 

I 
I 

I 
I

~
 

0,-1 IU
 

IU
 

I 
I 

I 
I 

I 
I 

I
I

:::J::G
 

~
~

 
C

/) 
~

 
I

<
t: 

~
~

 
0

E
-IQ

J-r-I 
Q

J 
N

>
IU

 
~

N
 

0 
0 

0 
0 

0 
\,0

>
"!O

~
 

0 
.-10.-1 

N
 

N
 

~
~

 
U

 
~

 
Q

J 
1.-1 

00 
I 

1f) 
.;r 

I 
I 

I 
.;r.-l

I
~

;j 
Q

J-C
 

I 
I 

~
 

I 
I 

I 
~

 
0 

>
IU

 
I 

I 
I 

I 
I 

.-I 
I 

~

~
 

-r-I~
 

0

~
 

~
 

..
cn 

C
d 

-r-I 
I/) 

0
~

 
I/) 

0
I/) 

0.-1 
0 

0 
0 

p.. 
I

I
;j 

p.. 
r 

r 
r 

..c:. 
Q

J 
I 

I 
I 

I"'" 
.-I 

I 
I 

I"'" 
M

 
I/)

U
 

-C
 

I 
I 

I 
I 

I 
I 

I 
IU

 
Q

J
IU

 
I 

I 
I 

I 
I 

I 
I 

~
-C

~
 

0 
IU

~
 

E
-I 

~
I

tIC
 

M

.° 
M

~
 

IU
 

~
 

IU
I/) 

I/) 
~

 
~

 
I/)

.,-1 
Q

J 
0 

0,-1 
.~

I
A

O
 

~
 

IU
 

>
- 

IU
 

A
 

.~
 

.-IN
C

'") 
0'

..r:. 
I/) 

~
 

I/) 
0 

~
 

I/) 
0

O
U

 
Q

J 
Q

J 
IU

 
Q

Jt-J 
0 

I/) 
-r-I 

Q
JQ

JQ
J 

cn
..r:. 

-c 
~

 
U

 
~

o,-l..r:. 
.-r-I 

A
 

"O
"O

-C
U

O
 

-r-I 
~

 
U

 
~

 
A

 
IU

IU
IU

 
.

~
 

~
 

I/) 
IU

 
..c:. 

~
~

 
I/) 

~
 

~
~

~
 

00
I

0 
0 

>
- 

-C
 

IU
 

0,-1 IU
 

0 
.,-1 

IU
 

0 
~

 
~

 
~

 
>

.,-1 
~

 
-r-I 

IU
 

~
 

.,-1 
~

 
~

 
U

 
~

 
I/) 

A
 

~
 

u 
<

~
 

tlC
l/)~

 
~

 
>

- 
~

 
M

 
I/) 

<
 

~
IU

 
or-! 0,-1 Q

J;j 
;j 

IU
 

IU
. 

0,-1 IU
 

Q
J;j 

<
 

.
u 

oocn~
U

) 
~

 
cn 

~
Z

 
oo~

 
>

 
~

 
..r:. 

E
-I 

"0
0 

0,-1 
0,-1 

0 
0 

-r-I 
0 

0 
~

~
 

cn 
cnE

-4 
U

 
~

 
E

-I 
H

 
~

I
,.



I
~

o 
C

O
, 

N
 

~
 

N
 

~
 

\0 
, 

co 
O

N
C

O
 

co

<
 

N
 

~
 

N
 

\0 
lI"\ 

..:jo 
00 

~
 

N
 

C
O

N
~

 
0

lI"\ 
0 

, 
..:jo 

C
"') 

..:jo 
0 

C
O

 
\0 

O
..:joO

 
C

"')

I 
~

 
~

 
~

 
~

 
~

 
~

 
...: ~

 
a 

~
 

~
~

~
 

~

~

I 
~..:jo
~

 
C

"') 
co 

~
 

, 
, 

co 
""'0

N
 

\0 
~

 
~

 
N

 
~

O
I

t 
0) 

lI"\ 
I 

I 
C

"') 
I 

lI"\ 
I 

co 
\0 

O
C

"')
"C

 
0 

I 
10 

I 
0 

100 
00

0 
"C

 
<

 
ro 

~
 

I 
I 

~
 

I 
~

 
I 

0 
~

 
~

~
 

~
~

 
0) 

~
 

ro
~

 
~

 
~

 
~

ro 
...:I 

tIJ
0) 

~
 

0) 
s::

I
P

- 
-<

 
~

N
 

C
"')"'" 

N
 

~
 

~
 

I 
0

0) 
~

 
0 

0 
~

 
~

 
lI"\ 

~
 

~
~

 
0) 

I 
I 

I 
lI"\ 

C
"') 

C
"') 

co 
I 

I 
~

 
0

z 
S

::"C
"C

 
I 

I 
100 

001 
I 

04-10
H

 
0 

O
)ro 

I 
I 

I 
~

 
~

 
~

 
~

 
I 

I 
~

 
s:: 

lI"\
oM

 
~

~
 

H
 

~
Z

 
~

 
~

~
. 

A
I

~
 

ro 
0) 

0 
~

0 
>

 
4-1 

bO
 

~
~

 
H

 
s::~

 
\0 

\0 
N

 
~

 
>

 
C

"')
tn 

0) 
H

 
N

 
N

, 
co 

<
tIJ 

0) 
I 

I 
I 

1\0 
\0 

~
 

I 
lO

A
tntIJO

) 
"C

 
I 

I 
I 

10 
001 

10 
0 

tIJ
I

~
~

~
 

ro 
I 

I 
I 

I 
~

 
~

 
N

 
I 

IN
 

"C
 

0)
~

tJ 
~

 
~

 
"C

<
oM

S
:: 

~
 

;3: 
ro

Z
H

ro 
H

Z
 

~
 

-r-! 
co

O
tIJ"C

~
oM

~
 

"C
I

A
H

 
s:: 

a 
C

"') 
C

"') 
..:jo 

0"'" 
""'..:jo 

ca

~
oo 

~
 

~
 

\0 
C

"') 
C

"')N
,c-r-, 

0) 
I 

I 
\0 

C
"')..:jo 

lI"\ 
I 

I 
I 

Lf'\\O
 

tIJ
~

C
J 

ro 
"C

 
I 

I 
0 

0 
0 

0 
I 

I 
I 

00 
0)

Z
>

 
ro 

I 
I 

~
...,t 

~
 

~
 

I 
I 

I 
~

~
 

P
-

H
O

ro 
~

 
>

.
1

A
:::::Z

 
~

 
~

Z
 

0)
O

oM
 

A
 

~
 

~
P

oIbO
tIJ 

O
N

 
N

..:jo 
co 

t 
~

 
~

 
I 

~
tn-r-!ca 

N
 

N
 

0 
0 

0 
ca

~
tnO

)"C
O

) 
I 

0 
~

 
IN

 
..:jo 

I 
I 

I 
..:jo 

0
I

~
 

~
 

O
)"C

 
100 

10 
0 

I 
I 

I 
°"C

 
~

~
"C

<
 

~
ro 

IN
..:jo 

I 
~

 
~

 
I 

I 
I 

~
 

~
 

0

~
 

O
~

 
roH

 
H

 
~

C
Jro~

 
tJ~

 
:>

0) 
4-1 

oM
 

0 
<

~
 

00 
~

oM
 

"C
 

bO
 

0
.0 

~
~

~
 

~
~

 
N

 
C

"') 
co 

co 
>

 
A

I
ro

~
O

P
- 

H
 

lI"\ 
C

O
, 

, 
<

 
~

~
 

tJ~
 

0) 
I 

I"'" 
I 

co 
~

 
I 

I 
I 

~
 

~
<

 
"C

 
I 

10 
10 

0 
I 

I 
10 

0
~

 
0 

ro 
I 

I 
C

"') 
I 

~
 

~
 

I 
I 

I 
~

 
"C

,c 
N

 
H

 
~

lI"\O
 

-r-! 
~

 
~

I
O

~
H

 
N

 
H

 
:>

 
~

ro

~
roC

J~
 

C
"') 

C
"')

I
C

"') 
C

"')~
A

tIJ"C
 

~
 

~
 

~
.-.

~
~

~
 

0) 
I 

I 
I 

C
"') 

I 
C

"') 
I 

I 
I 

C
"')C

"')
I

~
~

ro"C
 

I 
I 

10 
I 

0 
I 

I 
I 

00
~

 
-r-! 

ca 
I 

I 
I 

~
 

I
I

.-.I 
I 

I 
~

 
N

~
 

~
 

tIJ 
~

H
 

~
 

~
~

 
~

o,..j
~

O
)ro 

0)
>

~
 

H
N

 
~

 
co 

0 
C

"') 
C

"') 
I

I
~

O
~

 
a 

\0 
co 

~
 

~
 

~
O

C
J 

~
 

0) 
I 

N
 

~
 

IN
N

 
I 

I 
I 

N
 

0
0 

O
)"C

 
100 

10 
0 

I 
I 

I 
0 

tIJ
Z

 
~

 
>

ro 
I 

N
 

('oj 
1'-' 

('oj 
I 

I 
I 

N
O

0 
oM

H
 

~
H

 
ro 

~
~

I
E

-4 
~

 
oM

 
0

~
tIJ 

tIJ 
bO

~
 

O
~

 
\0 

\0 
\0 

>
,c 

P
ol 

.-.~
 

~
 

<
~

 
C

J 
0) 

I 
I 

I 
I"'" 

, 
I 

I 
I 

, 
-<

 
"C

 
I 

I 
I 

10 
0 

I 
I 

10 
0

E
-4 

ro 
I 

I 
I 

IN
N

 
I 

I 
IN

 
"C

I
H

 
~

~
 

~
 

~

~
 

~
 

ro 
~

O
)

1
00 

tIJ 
tIJ 

~
 

~
 

tlJbO
 

~
N

C
"')

oM
 

0) 
0 

oM
ro 

0
A

O
 

~
 

ro 
>

. 
ro 

A
H

 
0 

~
 

0)0)0)
,c 

tIJ 
s:: 

tlJO
 

0) 
~

 
tIJ 

"C
"C

"C
0 

C
J 

0) 
0) 

ro 
0) 

N
O

>
: 

tIJ 
-r-! 

ro 
ro 

ro
,c 

"C
 

~
 

C
J 

~
oM

 
,c<

 
0 

oM
 

A
 

~
~

H
'

I
C

JO
 

oM
 

~
 

C
J 

~
 

A
 

~
~

~
, 

~
 

=
c 

tIJ 
ro 

~
 

~
H

 
"C

 
tIJ 

~
 

0
--0 

0 
>

-"C
 

ro 
oM

ro 
00) 

-r-! 
ro 

0 
~

oM
 

=
C

oM
ro~

 
oM

 
~

 
~

C
J 

~
~

 
A

 
~

 
tJ 

:>
~

 
bO

tIJ~
 

H
 

:>
.. 

H
 

,c 
tIJ 

<
 

<
ro 

-r-!oM
O

)~
 

~
 

ro 
~

o 
-r-!bO

 
0) 

~
 

0
tJ 

bO
O

O
~

O
O

 
~

 
00 

~
Z

 
bO

oM
 

>
 

~
 

,c 
A

1
00M

 
or-! 

0) 
0 

oM
 

0 
E

-4
...:I 

tn 
00;3: 

C
J 

~
 

~
 

~

,r 
,



.'I 
.

.J.I1I 
~~

 
I 

R
M

O
- 

4411

I 
~0I-'"

I
~

 
A

ppendix
: 

F
igures, 

F
ratIes, 

and C
olum

ns
III-Il-

I 
~

L 
A

pril 1946 
~

I1-<
~III

I
0>

 
0 

0 
c 

~

u 
~

-~x 
C

II
U

 
:I

I
~

u 
III 

0
.J 

.J
\II 

'
0 

)(
z 

~
c 

~
I

V
lO

 
0 ~

 
.J 

III

, ~
z ~
~

~
I

ai' 
~

 
J: 

Z
 

0

~
 

Z
 

f
V

lC
c~xo

I 
~

.J
a.

~
~-~

~
~

 l1)~

II
ill 

.", 
II"



."I 

RMO -441.
I
~ Supplemental and summary Report on

I Western Carrizo Uplift and Chuska Mountains areas of
Northern Navajo Indian Reservationt Arizona

I TABLE OF CONTENTS

I~. .No. Loca1J.ty TJ.t1e Scale

I 1 Index Map -Dist1'icts 1: 500 t 000
I-A Index Map -Areal Sheets 1:500tOOO
2 Symbols for Figure Sheets --

I Cove District
3 Cove Mesa S-44 and S-48 1" = 40'

I 4 Cove Mesa S-30t S-42At S-45 1" = 20'
5 Cove Mesa S-39 and S-40 1" = 40'
6 Cove Mesa S-31t S-32t S-33 III = 4()'

I 7 Cove Mesa S-28 and S-28A 1" = 20' .
8 Cove Mesa S-26t S-27t S-4t S-50 1" = 20' t40'
9 Cove Mesa S-17t S-llt S-14 1" = 20' t40'

10 Cove Mesa S-5t S-9t S-59 1" = 20't40'
I 11 Cove Mesa S-51t S-52t S-53 1" = 20't40'
, 12 Cove Mesa S-49 l' = 40'
.," .
I Kinusta District

13 Kinusta Mesa Ore Body K-1 1" = 20'
14 Kinusta Mesa Ore Body K-2 1 II = 20'

I 15 Kinusta Mesa Ore Body K-2 1 II = 20'
16 Kinusta Mesa Ore Body K-3tK-4 1 " = 20'

17 Kinusta Mesa Ore Body K-5tK-6 1" = 20'
18 Kinusta Mesa Ore Body K-7 I" = 20'

I 19 Kinusta Mesa Ore Body K-8tK-9 1 ,. = 2()'

20 Kinusta Mesa Ore Body K-17tK-18 1" = 20'
21 Kinustg Mesa Ore Body K-21,K-23 1" = 20'

I 22 Kinusta Mesa Ore Body K-24 1" = 20'
23 Kinusta Mesa Ore Body K-27 1'1 = 20'

i
I Sip,i Ho Cho DistrictI 

24 Sigi Ho Cho Mesa Outcrop 8A 1" = 20'
25 Sunnyside Mesa Sunnyside Mine II' = 40'

I 26 Eurida Mesa Eurida Mine 1 II = 40'

27 Eurida Mesa Eurida Minet East Work.ings 1" = 40'
28 Eurida Mesa East Endt Eurida Mesa 1" = 20'
29 Eurida Mesa Eurida No.2 Claim 1" = 40'I 30 Eurida Mesa Eurida Claim -VCA I" = 40'
31 Eurida Mesa Outcrops 35 and 37 1" = 20'
32 Sayt.:lll C.:lnyrm CBW-MC Mine 1 II = 20'

I 33 Saytah Canyon Outcrops S-l and CB&'~-15 1 " = 20'
.34 Saytah Canyon Outcrop S-3 1 II = 20'

\. 35 Saytah Canyon Sketcht sho~ying ore blocks II' = 500'

I
,""" ,,",,",;11'



I ..Rt-IO -441 J.J..

I Table of Contents -contd.
Sigi Ho Cho District -contd.

',. ..
I No. Locality Title Scale

36 Martin Mesa Hogan Mine 1" = 40'I 37 Martin Mesa Outcrops M-3 and NC-3 1" = 20',40'
38 Martin Mesa North Martin Mine 1" = 40'
39 Martin Mesa Martin Mine 1" = 40'

I 40 Martin Mesa Saytah Mine 1" = 20'
41 North Carrizo Pits, Vicinity Lease No.3 1" = 40'
42 North Carrizo VCA No.8 Mine 1" = 40'
43 North Carrizo Outcrop NC-2 1" = 10'

I 44 North Carrizo Mine No.5 I" = 40'
45 North Carrizo East Pits 1" = 40'
46 North Carrizo Mine RC-5 and Pit RC-1 J_" = 40'

I 47 North Carrizo Mine RC-7 1" = 40'

Teec Nos Pas District
I 48 Teec Nos Pas Sketch M;p of VCA Lease I" = 2000'

I PROFILES A.\!D CaLm-mAR SECTIONS (Scale: 1" = 40')

Profile Columnar
I District Location No. Section No.

Kinusta Kinusta Mesa 1,2 1,2
Toh Acon Toh Acon Mesa 1 thru 9

I Sigi Ho Cho Carrizo Mountains 3
Sigi Ho Cho Saytah Canyon 4
Sigi Ho Cho Martin Mesa 5 thru 12

I Sigi Ho Cho North Carrizo 6 13,14,15

I
I
IilII

10;--

I do
I

" "'cl. '"",'"'] ,,_It



- .~ ~~~'c.

,I '. '-!,~ '~ltf;, CHECK LIST -REPRODUCIBLES FOR :lIGURES. PROFILES & COLU1n"lS

.( Book No.1)

I-.,. WESTEP.N CAR.."qIZO UPLIFT & CHUSXA MTS. A..,"q.F.AS
NORTHERN NA -IAJO INDIAN RESERVATION1 NORTHEASTERN ARIZONA

.Figures

1 Figure :rJo. Tracing §~ !igure No. Tracing S_epia

1 x 25 x :x:
1 lA :x: 26 :x: :x:

2 :x::x: 27 :x: x
3 :x::x 28 x :x:

1 4:x::x: 29 :x: :x:
5 :x::x: 30 x

; 6:x::x: 31 x x, 7:x::x: 32 :x: x

1 8:x: x 33 :x: x
9 :x: x 34 :x: x

10 x:x: 35 :x: x
1 11:x: x 36 :x: :x:

12 x x 37 x x
13 x 38 x :x:

1 14 x 39 x x
15 x 40 x x
16 :x: 41 x x
17 x 42 x x

1 18 x 43 x :x:
19 :x: 44 x x
20 :x: 45 x

1 21 x 46 x x
22 x 47 x :x:
23 x' 48 x

,I 24 x x

1 2rofiles

Kinusta District
'I Carrizo Uplift Area

Profile l'io. Tracing

1 l. x
2 :x:

, I li.forth Carrizo Locality
~ Profile No. Tracing

1 6 x

I \,¥#,

:1,



.-.

I CRECK LIST -REPRODUCIBLES FOR FIGURES. PROFILES & COLUMNS
.( Book No.1)

I WESTERN CARRIZO UFLIFT & CHUSEA MTS. A.'qEAS
NORTHERN NA. VAJO INDIAN RESERVATION

I NORTHEAST:E.~ ARIZONA

I Columns

Xlnusta District
I Carrizo Uplift Area

Column No. _Tr~cing

I 1 x
2 x

I -Toa Acon District .
Carrizo Uplift Area

I Column No. ~a~ing

:l. x
I 2 x

-3 x
4 x

I ~ ~
7 .x

I 8 x

9 x

Carrizo Mountains LocalityI Sigi Ho Oho District
Carrizo Uplift Area

I Column No. Tracing

3 x

I Saytah Canyon Locality
Sigi Ho Cho District
Carrizo U'Dlift Area

I Column No. .Tracing

I 4 :x:

~rtin Mesa LocalityI Sigi Ho Cho District
Carrizo Uplift Area

Column No. Tracin~L. c;,

.--5 x
6 xI '1 x
8 x

"h. "" .., ...""
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I CHECK LIST -EEP30DUCIBLES FOR FIGURES. PROFILES & COLUMNS
( Book No.1)

I WESTERN CARRIZO UPLIFT & CHUSKA MTS. AR~~S
NORTHEBN NA -lA.JO INDUli RESERVATION
NORTHEASTE?N ARIZ ONA

I
Columns

I 1irarti:~::~OCali ty
Sigi Ho Cho District ( cant. )

I Carrizo Uplift Area

Column l'-i'o~- Tracing

I 9 x
10 x
11 x

I 12 x

North Carrizo LocalityI Sigi Ho Cho District
Carrizo Uplift Area

I _Column No~ !racing
.13 xI 14 x

1.5 x

I
I
I
I

I
I

I
;,;.-

I
.w
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I .0' C4RRIZO ljPi.lrTAREA .

[==J EURIOA rToHATINJ {JI.S"TRICT (AR.:AI. A?,oil"'S-)I Fic;. I-A /NOEX .MAP

.:~ L~~~ 5/61 #0 CHO /JIST.RICT UNJON MINE5 OEV£LOPMENT CORP -'"

( I GRAND JUNCTION, COLO.
.I I 7011 ACON DISTRICT FIeLD OFFIC~

I. .[~==] .KINU5TA DI.5TRICT OI.5TRICT5 1-'( AfD Ap..l4C£Nr TO THE
~ ..NORTH.sRN NAVAJO INDIAN REs.

.,:1' [~=J etLA s'tO'oI' /)157RICT 5C4LE: 'o.soo.~o
" CHU-'J<A MouNrAIN AR£4 TAKEN FROM 1I~CtG.5. °AER.O CItARTS

I I A04/D IAIDIAN .5£RVICc MAP
II I COVE DI.5TRICr :"!i
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\. !. 5YMBOL5 ,FOR FIGURE 5HEETS- I

It!
I~ "\ I

I .I ~I Under9roun.d Workin9S. I-

..1(,"1 S f .-
~~ Ut" ace wor/(ln9S and. open pI t-s.

I I
r~-l ClifT

.l §I

I 1::""1,,1L~ Wasfe dur?7p

IJ~surver; STorion I I
I "- II I\~ ! --I -

b LocaTion and field nu/'7'?ber 0 f samples. I !
I I -I

I- B Loco7'ion or secfion. I j

I i~~ SOM-//onadiu/77 ~il1et"Qlizafjor7 on pion vl"e'pvs, F/9ure5 I
i I '~.I ref-cor fo ovg" f,'?/cknessj leHers -est: V2 Os grode : L-/o~
...)L:1-/11ediUn7 J H- hi9h.

II ~ SO~-l/anadiun? /77irJeraliza7'/'on in 5eC7'IOn VIews. ,

I .i:;,;;;,;~.:.:1 ! II ! I [t8~ San d.5TOne in se c -fion l/ievv.5" I I
, , ,
I I .i
I r--~ I t

I I :=:J /l.1udstone J shale par fin 95 in -~""',: ~;~)n Vle~..s i i
'- " I I I

.! ~::~ I I -" I

t.:'::J Unl,'"nproved dirf road.5- j

I I
Posi+ive Ore bloCK

I .;

1 I :;;.. I
-.L~~.:::J Indicafed Ore bloCk

-I FIGURE- A"a Z
r-;, InTerred Ore bloCk r,j.'.':ONMIN£5DE._.f,_-;~MEi'JT CORP Il '""_I ; GRAND JUN. TON', COLO"

I l FIELD q!~ I
: CARR/ZO -~:)II.;::T..1NO I!

CHu51\:4 .'\::'-5- A.~£A5 I:
I :)IGI HO C,HO.. ,'"</NU5T~. I:I { AND CO¥"L D/5TR/CT5 ; i

.I I~ _5)-1'180£.5 FOR FIGURE. SHEE rs I :

I I
I L---' "I.'-J

-.i
,.. "; ilL," 'ii'. I j"..",
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I 5YMBOLS FOR FIGURE SHEETS

I ~ Under9rounci Workin9s. .

I I'. .1/ I j.L~~J Surface worlrln9s and Open PI" S.

I [jJ C lirr

I ~'"::'-.1 'I' Wasf'e dul?'?p .
//

I B Surve'i 57-a f"ion

I 0 Local-ion and rie/d nurr7ber 0 f' samples.

I ~=~ Locaflon oT secfion.
I~i

I ~~;;l SOM-Jlanaa'lu/77 miherQlizaflon on plan views. FIgures
IX~A1 rerer rn av,9. fhickn~sSj /effers-esr: V20S grade : L-/o~

M-mediu/'r1 ) H- high.

I ~ SOM-Vanadiun? minera/izafion in Se"cflon views.

San dsfone in se c 'fion view.S'.

I
a Mudsfone J shale poTfin95 In secfion VIews.

I
I B Unimproved dirf TO ads.

I
I F/<.7'URE NO. z.

UNIONMIN£SDEVELOPMENT CORP.
GRAND JUNCTION I COLO.

FIELD OFr'ICE

I CARRIZO UPLIFT AND
CHUSKA MT5. AREAS
.5161 HO CHO/ K/NU5TA,

I AND COVE. DI5TRICT5

SYMBOLS FOR FIGURE. SHEETS

I
.I ," hj """u "'illl',',",,'lo,','"



I
I
I
I
I 8ed.s S'aparf

3450 -

I ~ Fla!?

I
I Ore: Sof'~ fhin-bda;' X-hd~ brown

to gro!/ van. ss: a/onq fh'.n
sh sean'?s. Th"se ofcs worlr~d'
by Wo-d'e -C vrra.'1.

I
I

I

I
I
I

I
FIGURE NO.3

I UNION /'1/NES DEtiELOf'/'1ENT COR/:'

CHAND JlJNCT/ON. COLO

FIELD OFFICE

I CHUSKA MTNS AREA
COrE DISTRICT
5-44 a 5-48

Scale: /~40' 8-2-45I Party 3

I
"",.111,.' j Ii'"," "
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I.
I
I 3459

l.~.,-;;"~. .~ .I -IO'~ \. o~: Calc., vqn. S3.; boffom

.of" otc fa/us-covered.

5-30 13

I
]1

I
Ore.. lnln-bdd;" f}n79'-streake-o;' mod-I ca/car'o"~ rlnt' ~ r77ed.- qr" va-no ss.
D"s.s-en7i nated CQrnoT/.te- aT easT end

I -42-A

I
I

I
I Ore Mod.. ca/c are 0 v.s:, gray I

,cIne -.9'1':", van. SS.

I

I 3+5.3

3-45 c!) FleuRE NO.4

I UNION MINES OlJlELOPi'1ENT CORP
CI'i'ANIJ JlINCTIOIY COLO.

r/£LD OFnC£

I CHUS/(A MTNJ" AREA
COVE D/STRICT

.5-.10 $-42 A $- 45I Sca/e:/-'20' 8 ;'-+5
pqrl.!l .3

I



I
I
I A-,A- .3 ~.3

..

I ~.::.::'. i:...:.\..

::".-".
Ore: Calcareous, gray.} ::\;:'::'.~i,

'~.. .~.I fine-.9~vat1SS Wif~ liHle ~~.'..~'::...,~:.:.

carnotite, Deddll1g thIn.!
flQ'f fo X- bdd.

I
X- bdd fo

I rial-odd, fi'ne- gl':-,

bUTF 10 If-gray ss.

I "

I
I
I OTC $-39

~ '.#--I UniForm J per.r,sfant .seam of ~;.;'

fhil7 -bdd, fine'- 9~ d/(- gray van, .5:5'.

North sidt' has v~r!l fhin peds of

I carbonac@ou..5 shale In fhe ore,
f)lsJ"n?lnaTe-d CQrnofire I-hrv-out.

I
I

FIGURE NO 5

I UN/ON HINES O£JI£LOPf1ENTCORP
GRMLJ JUNCTION; COLO.

rl ELD OFF! C £

I CHUS/(A /'1TN.5: AREA
COVE DISTRICT
S-3Q g 5-40

I Scale.' I'~ 40' 8-3 -45
Part.!! 3

I
"",."" """ ,." ,".,Ii """"",",,



I
I

5-32 PLAN

I
I

other horIzon.

I 0,..: Uppwor /7or/.z. is haror; calc..,
van. SS. Low~r horiz. IS shaly
van. .S".s". Abund. carnofifeI 5-33

I
I
I

I
I

I 3458

I Ore: f'larel;f' Van. 5S wifh
abl/nd. .$econdary sTaIn

I ~r~...~ r.
~

I
I 5-3/ FIGURE NO.6

UNION MINES iJEVELOPHENTCO,fP
GRANO JUNCTION. COLO

FIELD OFFICE
I .CHUSI<A I'1TNS AREA

COVE DISTRICT
5-31 .5-32 5-33I Scale.. 1'~4'O' 8-4-4-5

Parry .:1

I
"""',""'



I.

I ~~
I PLAN .,'

,."~ Ore: Calcareous, gra!l.. l'al1.
f ss. in sfrin.1e'rs ./.s/17a//I lense.$. North eona' i". SI/Q/<:f

~ van. ss. LiHle carnotite.
S"E' map (Ariz. cm-3) for s,cfion.

I 5-28

I
I
1 I

I.
PLAN

I \
I ~o 347<1

S-28.A .

,..

1 Ore: Gray" Fine. grqlne~
van. S"S wifl/ SOl71eo dlssen?;n-I Cited cO'rnofire. Talvs- cov,r,d
to SOL/rho

I
I

FIGURE NO.7

I UN/ON MINES OEYELOPMEIYT CORP
GRANf) JUNCTIOA;' COLO.

F/ELf) OFFICE

I CH(/.5f(A I'1TN5: AREA
COVE D/STRICT

.5 -28 a 28-A
Scale: /~20' 8-S -~5"I Pa'rty 3

I



.

I.

I ~'L4'

I 4
Ore: Thln.bo'd" X-bdd,I /17~cI.-9t:", Friah/~" calc" 5-26 Plan I . very-srr~aJr~d.l van. ss S~...' ,-. 40'

wifh small amt dis".em-
inaf~d carJ'lotife. Small patchI at N. end IS IS' hl1her.

0

Lease Co,;)

I
5-27
$.:ALE: ,'.40'

I \.j;;~ $ample#/8~.
.~. e Ore: Thln.had; dk.-gray" van. ss: with

I ~.. abund cO'rnofir~. Sfr~aks or
..~ ;-:.,4 calc, thin.odd ss with abund carn.

ofite Intercalated with van. ore sean?I Thin, ephemeral,. /owgrade.. sha/y, Yan. s.s: .

S,a/'77 4'above n1ain S'e-a/?'l. S~condar'y
stain patches /1etw~en S-Z6t! 5-27.

I
I ~;~:,-.t:jan

x("'"
Or~: Hard, calc" plate'!;/', dlr.. &..,'I grC1'</ /b purp/e'" van. SS' wifh \!.~.,
SG'vG'r-al harrrn streaks J' ~ I.

some carnotitG'. \~34'2

I f';'"'
(J4-',"

I 4.,.~?T~~~L~ Ore.' X-bdd, calc" hard;' fhln.bd~ van. SS-,..}.2".. x str'a/r~a; with FaIr al?7t carnoTiTe. Some

I bvck".}rln mlnlz., also 177an9'ane.s-e slain.
Over/Din Jund'erlO'ln b!f .x-bdd, bufF ss,

$-50 Plan
$CAL6: /'\zo' r 15URE NO.8

I UNION HIIIES LJEV£LOPI'1£NT CORP
GIC'AND JUNCTION; COLO,

FIELD OFFICE
CHU$f(A MTNS AREA

I COVE DISTRICT
S-2~ ,5-27 S-+ 5-50

.5ca/e:As note-a'. 8-8-45
I Parry .J

I

II J;. I "," jj ,," -"..,- ... II """Ii"""" ,",..," '°,";/, ,[1,",;1."'0,1""""",.1... I'c... j,.!.~,



I
II t'~' Ore I~ 1/7 shale wifh shai-ll-

~ ss stringers. S~e defail
;. .sheef'(Arl'z. C/172)

I

I .q
5 -17 Ofc vndt'r ovt'rhan.9'n9 ledge.
PLANI SCALe: I-, ,.'

I Ore:Pafches hlgrade, X-Dd~ van.
ss. with barren patches of 5-11 cfion

I calc. concretions. SCAL~: I..ZO'
Note.. Olc matches orlg. mQ'p 7;- T,.~(",s
locqfiol1 but not descrIption. mln/z. t;-~~.

I PIQn

I
I ~ p.,~. L ,.~ 0,,- 1,+

I '.. i-O'L "" O.1'~

~~~~~
I Plan 3-/4"" Ore: Y~r'yCO'lc., thln.bddJsf"rt'akea;' low to

SCAL.E: ,": 40' I71f!c1'i£lm grade/ fii1~-gr, van. SS near fop of'
20 cliFf of" fine-gr.. hufF ss. DJsse.l??inaredI carnofit-e./ man..9Qn~Se stain In or~,
Proji?cf'sample From S-13 ofC'.

I
FIGURE NO.9

I l/NIO# 1'1111£S OEVELOf'M£NT CORP
GRAN£) JlINCTION;COLO.

FIELD OFFICE

I Ch'USM nTNS AREA
COVE LJISTRICT

S-17 S-I/ .5"- 14I .scaI8: As noted. 8-8-4S
Pa'rl!f .J

I

,"" ...I



I
I 3471

I ~:i;,ifJ;~""'- Ore: I/niforn1 hed of fhil1- fa
.J mcrss.. hdd, Fln,,- 9r. str4'a/rett'I Plan 5-5 ran, 5.5. ViSIble cO'rnofile at

SCALE: ,'.-+0' wlsf end. F~w barr~17
calct1reovoS sfrea/r.J:

I

I 8 .5-q
Sf 0'. F Plan

SCAL~, '".10'
Ore.' Thln~ bd~ fll?e-qr, Frlahle,I shaly, gra!l... van, 5.5, 3 I":fhich:
ha'rl:1;' calc" "bufF ss Se'amB with
d,ssen1inafed carno/iTe In mQ",n
ore bed, ,""aparT. ,""3

I ;. QA'"~.
~

I

I

I
S-S'1 Plan

SCALa, '".Zo'I "1'~
,I. Ore.' Poorly-e'J'post'ct; ccrlc:, van. SJ,
, mostly weO'/r-1!f /71inert7l,zed"I ~

.., ,

}.~ ~.LI.,
II _T,. ~ ,...t

I
FIGURE NO. /0

I VNIONHINES O£VELOPI1£NT CORP
GRANIJ JlINCTION, COLO.

FIELD OFFICE

I CHUSKA MTNS- AREA
COVE DISTRICT, $-$ $- '1 S- 5"'1

I ScQ/~As noted 8-8-45
Pari!! 3

I
...C",. ,"d', ,.,



I

I
S -5/ Plal1

SCALE: '-'40'

I .,-;i
,., x x -float

O,p:iJ!r.-gro!j, 444'q .I to Drt>wn, Cq,k:;,"" Ore.' Lt- 'Irq!!" ..9"6nTI!f X-bUd, me-d- g~.s
X-;dd,vQIf.ss ovrr- / vO'n. "'S" q/ong shq/e partIng. H~l1'1atite
lain b!J S"ha'-Y fnzs-h ( speck.,- J' Few cia.!! gq/lJ". No cQn1ofirrI poclr..t C/ag9a//s tf.
hmonife, Ahvnd. ca-rnofife.

I Q,;-f~ , I ". :!tfln
y

I Or~: Thin-bdd;lgra-g j/qn Ss. ,,~'
In mas.s, ss lens. Cros::;-beddl17g
promjne'nt Some carnofife-.

I
I '

I
$-53 Plan

SCA£,: '"'20'

I " , ...,~-:~~~~~_kJ---"-,-,-
~~-J-J~~-I_~-j..-~Y ..7 ~~ --~<

I ;/
;/ 34'5
II :x.. !;~ Ore: Thin-btid/ ml!'d-gr:.. weO"h-/y-min/?

~\ va-n- S.5. No vis;b/~ carnotite. L/no'~r.
~\ /a-/." .b!j' ~ /' J"h se-q.n?, 0 TC.s are'I ~, .l$o/Q"ted- prOjeCTion of ore 1$

"'i\ q'ouhtful,
c..

I ~" a.s'l.\ ~
FIGURE NO- II

I U/V/ON H//VES OEV£LOF'MENT CORE
GRAND JUNCTION, COLO.

fiELD Orr/C£
I CHlIsrrA /"'1TNS AREA

COJ/E iJ/STR/CT
,5-5/ S- 52 S- 5"3
.5ca/~ :As noted 8- 9'-45

I ParTy 3

I

I
""""" II '"'"



I

I
I
I
I 34,Q
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